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(54) METHOD OF DRIVING ELECTRO-OPTICAL DEVICE, CIRCUIT FOR DRIVING ELECTRO- 
OPTICAL DEVICE. ELECTRO-OPTICAL DEVICE. AND ELECTRONIC DEVICE 

(57) Disclosed is a method of driving an electro- 
optical device such as a liquid crystal display device F I G. 1 
Including a plurality of scanning electrodes and a plural- 
ity of signal electrodes which are formed such that the 
plurality of scanning electrodes cross the plurality of sig- 
nal electrodes, wherein the scanning electrodes are 
organized into groups each consisting of a plural 
number of scanning electrodes to be selected at the 
same time, and scanning electrodes are selected on a 
group-by-group basis according to the MLS (Multi-Line 
Selection) scheme. The amplitude of a voltage applied 
to the scanning electrodes is set to be equal to the 
\ amplitude of a voltage applied to the signal electrodes. 
This allows circuits such as driving circuit, a power sup- 
ply circuit to be constructed in a simple fashion. This 
driving method is also, employed to drive an electro-opti- 
cal device constructed in a multiple-fold matrix struc- 
ture. 
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Description 

[Technical Field] 



[Background Art] 
10 (First Background Art) 
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lOOOaiAf,rst.acKgroundart associated witha.^^^^^^^^^^^^ 

selection) is disclosed in International ^PP" ^j;;^^^^^^^ electrodes arranged in a matrix 

display device, a liquid crystal display panel and pixels are formed in a matrix 

fashion such that the scanning electrodes and ^ ^nal ej^tr^^^^^^ ^„3.,3«pg of a particular 

fashion at intersections thereof. The ^^^"^a ^^^'^^ °f ,'^!.'!33^^^^^ 

number of scanning electrodes which are selected ^^^^^^^^^j'^^^^ case where four lines of scanning 

on a group-by-group basis. Fig. 6 illustrates an example of a ,n r^g. 6. Y1 to Y8 denote 

electees (four scanning electrodes) -^nf ItJ^InV^^^^^ J Tnoti the waveform of a signal volt- 

TgeZS fo I^Z^VX:^™'^-^^^ to the scanning electrodes for a selection 

EST^r/^^d!:^^^^^^^^ 

2 indited in root-mean-square voltage-lummancechar^^^^^ ^^^^^ ,^ 

low voltage. arr-nrdance with the conventional method shown in Fig. 6 

[00041 The operation of driving a liquid crystal of ^VP^ ^ aca,rdance w^ t^^^ .^^^ ^^^^^ ^^^^^ 

[s discussed below. Herein, the liquid crysta .s assumed to be ^-^^^nC" re ^alue of off-voltage. More specifically, 
of the ratio of the root-mean-square vaUie of °"-^°'^^9« *° ^'^^ ^,"^2 anS"^^^^^^ liquid crystal panel includes 64 lines 
if a liquid crystal of type 2 with a threshold voltage SA2 of 2^2 V.^^^^^^ * Vhe^se where there are 120 scanning 

tTtr;:?rrv?;:^sro^:-^^^ 
rJbirtSsr^^^^^^^^^^^^ 

the signal electrode driving circuit becomes great. ^„,:^^,«ri nower suoolv circuit and consumes a large 

10005) AS a result, the conventional driving method requires a ^^f^^*^ .^7^4^ drivSig circuit and the signal 
Loult of electric-power. Furt«^^^ 

electrode driving circuit on a single IC chip. Referring ^o,tage GND is input. A latch pulse 

[0006] in this power supply circuit, a single '"P^^^f ^^^.^^P^^^^^^^^ in response to the latch pulse LP. 

LP is also input to the power supply circuit. Using Vcc and as power s^^^^ w ^ 

a clock generator 21 generates a plurality of clock signals with d fferentti^^^^^ 

4S sixfold voltage boosting circuit 22 multiplies GND -t^;f3P3«=^»J^^|^,3^^^^^^^^^ with VEE. a con- 

pumping thereby generating a voltage VEE When Vcc " ^ ^ VEE^^^^^^^^^ ^^.^ ^^^^^^ ^.^^^ .^3 

trast control circuit 23 generates a selection voltage "^y^J^hK:^ gr.es optim^ ^.^^^.^ 

serves as a negative selection voltage applied t° the scanning e^e^rades^A^ 9 ^ ^^^^^ 

plies GND with respect to the selection voltage -V3 by ^ means o^^^ =^^^^^ by 2 in the neg- 

selection voltage V3. A negative twofold voltage boosting '^'^'^ ^5 muU.F^.es GND w^th P^ 

ative direction by means of charge pumping thereby Sener W "^^^^ 3nd alto geSs -VI by equally dividing 

27 generates VI by equally dividing between as a center voltage VC. A 
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generated m me ,bo.e^,scHl»d a,anne, u.ln9 »,e powe, euppl, ciK.«. However, es deschbed ebrwe, .he power 

rool-mean-sqeere value of on-vollag. lo «,e '"^■'^■^'l^.f.'^^^'SgtL,! of aoenr,lr,g elec 

once during each frame period. In contrast, .n the dnv.ng J^,,^ orthogonality in the 

selection periods are equally distributed in °r ^^^^[n^,^^^^^^^^^^^ S3in such a manner that a par- 

selection of scanning lines. Furthermore. ' ""'"J^'^^ is selected at a time so that selected 

ticular group (block) including a predetermmed ""'"''f/ ^/J!^^^^^^^^^^^ that all scanning voltages 

scanning electrodes are spatially distributed. Herein, the term "O"^^' "orthoaonal" is used to represent that 

r„'raC;r:a-::rsst:'ri^^a^^^ 
rrvo".rrn'rJ=rjrs^^ 

JalprereqiJsite to the operation of turning each pixel on and off independently of each other. 
(Second Background Art) 

100101 AsecondbacKgroundtechniquelnthea^^^^^^^^^^ 

a driving circuit in a single-chip form on either a substrate on ^^''f'J^'J^'!^ ^/^^ ' electrodes or data 

common electrodes) are arranged or a substrate on which signal elertrodes <^'=° ^o connect all 

lines) are arranged to drive these scanning circuit, it is required 

scanning electrodes and all signal electrodes to the output ^^^-^ "^'^ °^ thich the driving circuit is 

to dispose a large number of interconnection lines in ^J^^^ ^j^^^^ I a corre- 

mounted surrounding an image display region whera.n one ^-^f V"^:'^^"^^^^^^^^^^ ^.,3 sed on the other 

:;==-S2::^^^;?ro^^^^^^ 

small-sized liquid crystal devicejbr use in for example^ a^portat^e JPhone. ^^.^^ ^^^^ ^ 

[0011] Japanese Unexamined Patent Pu^^^^^^^^ ^^^^ 4,.^^ substrate and 

crystal display device in which signal electrodes are ^ J ^^^^ j^is technique, if signal electrodes are 

scanning electrodes are arranged in the form of stripes on the °th«r substrate. " J '^^""J^ ' ^^^^j^le to increase 

rpe=^r,;=esr^r^^^^^^^^^^^ 

closed for example In Japanese Unexamined Patent P"W'cat.on Na 5^^43373. ^^^^^^ 
100121 in electro-optical devices of the ^''^-'f-;:"''.^^^ that the image display 

the frame region which surrounds the image clisplay ^^^^^^'l^^^l^^^^ 9-at number of inter- 

[00131 However, when the single-chip type dnv.ng <^'^-"'' f ^P'^v;'^^ o e^ch inSSntect^^^^ line is connected to the 

?;™r;^d-:^::rrre=p^r,r;^^^ 

a higher voltage supplying capability. ^„nir>«pH in a device in which scanning electrodes are 

[00141 In particular, when a single-chip type dnv.ng circuit '^^^-^P'^J^^ ^^^^e 'suSrates it is required that the 
iispoied on one of two substrates and signal electrodes ,he driving circuit 

scanning electrodes or Signal electrodes disposed on the 

JuSafe ^n wT^rdiinTS^S^^ — — 
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be formed in the frame region wherein each up-to-down conducting member occupies a certain area including a margin 
for anXment error which can occur when two substrates are bonded to each other. This also makes .t further difficult 
to reduce the area of the frame region. ^ 
[0015] If the pixel pitch is reduced (that is. the scanning electrode pitch and the signal electrode pitch are reduced to 
meet the fundamental requirement for a higher-quality display image, it will be required to mcrease the numbe of mter- 
connecJon lines. This makes it further difficult to reduce the area of the frame region in which '"^^^^^^"^^^ 
are disposed. Furthermore, the problems with the high interconnection resistance and the poor voltage supplying capa- 
bility of the driving circuit become more serious, u J -K«w= i„t=r 
[00161 Furthermore, in electroK^ptical devices employing the multiple-fold matnx technique described above, inter- 
connection lines (scanning electrodes or signal electrodes) which are arranged in a multiple-^old nil^trix fashion are 
formed essentially in a complex manner in the image display region. Therefore, it becomes ^«^y P;°^"!^^"J* 
an electro-optical device in particular when a small pixel pitch is required. With the reduction ,n the pixel pitch, the open- 
Ing area (through which light is passed to form an Image) of each pixel becomes extremely narrow as a/esult o the 
reduc'on in distance between adjacent interconnections. Thus. It is thought that the reduction in the scanning electrode 
pitch or the signal electrode pitch (namely, the reduction in the pixel pitch) is impractical. " . ^„ ... , 
?0017] It is a general object of the present Invention to solve the above problems. More specifically, it is a" o^ect of 
the prisent invention to provide a method for driving an electro-optical device, a driving f^^.^S^^^^^^ 
cal device, an electro-optical device, and an electronic apparatus, using a reduced number of driving Jage leve^ 
thereby making it possible to form a high-quality image display with reduced electric power ^i;^''";^^^'^:^^^^^ 
object of the pLent invention to provide an electro-optical device having a structure which makes it PO^? ^ ^edm^ 
°he area of a frame region relative to the area of an Image display region and which also makes it possible to rather eas- 
My reduce the pixel pitch. 

[Disclosure of Invention] 

[0018] According to an aspect of the present invention, to solve the problems with the background arts described 
above there is provided a method of driving an electro-optical device including a plurality o 

plurality of signal electrodes, the plurality of scanning electrodes and the plurality of signal ^'^^^^rodes be^ng a^nged 
such that they cross each other, the plurality of scanning electrodes being organized into groups each <^ns'«t'"9 °f a 
plural numbei; of scanning electrodes which are selected at the same time selection of f^^Sjf^';^;^^^ 
sequentially performed on a group-by-group basis, wherein the amplitude of a voltage applied to the scanning elec- 
trodes is equal to the amplitude of a voltage applied to the signal electrodes. . . . ,,^,;^,^^^^r, 
[00191 This driving method allows a reduction in the driving voltage and also a reduction in the 
elated with the driving voltage. As a result, it becomes possible to reduce the tota electric power ''V ^^P°^^^^ 
supply circuit which generates the driving voltage, driving circuits, the liquid crystal pane . and the ''^e- FMr^ermor^^ 
powe?supply circuit and the driving circuits can be constructed in simpler fashions. Still furthermore. scanmn^^^^^^ 
lode driving circuit is allowed to have a smaller breakdown voltage. This allows a reduction in cost. Still furthermore, it 
becomes possible to combine the power supply circuit, the control circuit, the signal .^";''2Z^'\T^"^^^ 
ning electrode driving circuit, and the like, in an integral fashion on a single chip, which results in a reduction m the total 

10020] In a preferable mode In the above-described method of driving an electro-optical device scanning voltages 
applied to the scanning electrodes include a non-selection voltage, a first selection voltage wh|ch |S posit^^^^^^^^ 
respect to the non-selectton voltage, and a second selection voltage which is negative with respect to t^e non-^elecbon 
voltage, wherein maximum and minimum signal voltages applied to the signal electrodes are setto be e^^al to the first 
and second selection voltages described above. This makes it possible to use the maxirnum and '"'"'T'^^J^'X^a 
ages in common for both the scanning electrode driving circuit and the signal electrode driving '^'-"^j'^^ f^^^^^^^^^ 
the number of levels associated with the driving voltages. Furthermore, because the amplitude of the .^'»a9e's equal 
for both driving circuits, the driving circuits are allowed to have an equal breakdown voltage and thus it becomes pos- 
sible to integrate both driving circuits on a single chip. .... , H^.™ ho a liniiiH 
50 [0021] In the above-described method of driving an electro-optical device, the electro-optical 'If^^f ^ 

crystal display device wherein it Is preferable to employ a liquid crystal having a characteristic satisfying the condrtK^n^ 
?root-mean square value of on-voltage applied to the liquid crystel)/(root-mean-square value of off-voltoge applued to 
he nquid crystal) ^ (saturation voltage of the liquid crystal)/(threshold voltage of the liquid crysta^).as a liquid crystal of 
said Hquid crystal display device. This makes it possible to achieve high contrast using ^^''"f ^ .^^^ 

55 [0022? In the above-described method of driving an electro-optical device, the power supply circuit general ng he 
scanning voltages and the signal voltages preferably includes a voltage boosting circuit for genera ing t^\e 
voltage by voltage boosting the non-selection voltage and the second selection voltage, a first vottage d^oPPinS circu t 
for generating the signal voltage having a voltage level between the second selection voltage and the non-selection volt- 
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age, and a second voltage dropping circuit for generating the signal voltage having a voltage level between the non- 
selection voltage and the second selection voltage. This allows simplification in terms of the circuit configuration of the 
power supply circuit compared with the conventional power supply circuit. Furthermor^, it becomes possible to integrate 
the power supply circuit together with the driving circuits on a single-chip integrated circuit, 

5 [0023] In the above-described method of driving an electro-optical device, it is preferable that the scanning electrode 
driving circuit for applying selection voltages to the scanning electrodes and the signal electrode driving circuit for apply- 
ing signal voltages to the signal electrodes be integi-ated on a single-chip driving circuit IC. The integration of the scan- 
ning electrode driving circuit and the signal electrode driving circuit into the form of a single-chip integrated circuit 
results in a reduction in the total size of the device. 

10 [0024] In the above-described method of driving an electro-optical device, of the scanning electrode driving circuit for 
applying selection voltages to the scanning electrodes, the signal electrode driving circuit for applying signal voltages 
to the signal electrodes, and the power supply circuit for generating the selection voltages and the signal voltages, at 
least two circuits may preferably be integrated on a single-chip driving circuit IC. This allows a reduction in the number 
of integrated circuits used, and thus a reduction in the total size of the device. 

15 [0025] In the above-described method of driving an electro-optical device. It is preferable that selection voltages used 
to select respective scanning electrodes be distributed and applied within one frame period. This allows an improve- 
ment In contrast and thus an improvement in quality of an image such as a still Image displayed since selection periods 
are distributed within frame periods. 

[0026] In the above-described method of driving an electro-optical device, it is also preferable that selection voltages 
20 used to select respective scanning electrodes be applied continuously during a predetermined period in one frame 
period If this method Is employed, when display data Is read from a memory to create a signal voltage applied to the 
signal electrode In accordance with the display data, the display data becomes equal during the predetermined period. 
This means that the display data Is held during the above-described predetermined period. This results In a reduction 
in the number of times that display data Is read, and thus it becomes possible to reduce electric power consumed when 

25 display data is read. , • u * 

[0027] In the above-described method of driving an electro-optical device, it Is preferable that the plural number of 
scanning electrodes which are selected at the same time include a virtual scanning electrode, and the number of actual 
scanning electrodes which are equal to the plural number minus the number of virtual scanning electrodes are selected 
at the same time. For example, when the plural number of scanning electrodes which are selected at the same time is 

30 equal to eight, there may be for example one virtual scanning electrode. In this case, seven actual scanning electrodes 
are selected at the same time and thus the number of levels associated with the driving voltage can be reduced to five 
from 1 1 which would otherwise be required. 

[0028] In the above-described method of driving an electro-optical device, it is preferable that the plural number of 
scanning electrodes which are selected at the same time be equal to four. In this case, the number of levels associated 

35 with the driving voltage can be reduced to five. Alternatively, the plural number of scanning electrodes which are 
selected at the same time may preferably be equal to seven. In this case, the number of levels associated with the driv- 
ing voltage can also be reduced to five. j u • i 
[0029] In the above-described method of driving an electro-optical device, the scanning electrodes and the signal 
electrodes may preferably be arranged such that they cross each other In a multiple-fold matrix fashion. This allows a 

40 reduction in the number of scanning electrodes or the signal electrodes, and thus it becomes possible to simplify the 
circuit configuration of the driving circuits. 

[0030] In the above-described method of driving an electro-optical device, it is preferable that a substrate on which 
the scanning electrodes are formed and a substrate on which the signal electrodes are formed be disposed such that 
they oppose each other, a single-chip driving circuit IG, including in an integrated fashion the scanning electrode driving 
45 circuit for applying selection voltages to the scanning electrodes and the signal electrode driving circuit for applying sig- 
nal voltages to the signal electrodes, be mounted on one of the above-described two substrates, and the one of two 
substrates be connected to the other substrate via an up-to-down conducting member. This allows a reduction in the 
size of the frame region of the electro-optical device. 

[0031] According to another aspect of the present invention, there Is provided an electro-optical device including a 
50 plurality of scanning electrodes and a plurality of signal electrodes, the plurality of scanning electrodes and the plurality 
of signal electrodes being arranged such that they cross each other, the plurality of scanning electrodes being organ- 
ized into groups each consisting of a plural number of scanning electrodes which are selected at the same time, selec- 
tion of scanning electrodes being sequentially performed on a group-by-group basis, wherein: the electro-optical device 
includes a scanning electrode driving circuit for applying a scanning voltage to the scanning electrodes and also 
55 includes a signal electrode driving circuit for applying a signal voltage to the signal electrodes; and the amplitude of a 
voltage applied to the scanning electrodes is equal to the amplitude of a voltage applied to the signal electrodes. 
[0032] This construction of the electro-optical device allows a reduction in the driving voltage and also a reduction in 
the number of levels associated with the driving voltage. As a result, it becomes possible to reduce the total electric 
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power consumed by a power supply circuit which generates the driving voltage, driving circuits, a liquid crystal panel, 
and the like. Furthermore, the power supply circuit and the driving circuits can be constructed in simpler fashions. Still 
furthermore, the scanning electrode driving circuit is allowed to have a smaller breakdown voltage. This allows a reduc- 
tion in cost. Still furthermore, it becomes possible to combine the power supply circuit] the control circuit, the signal 
5 electrode driving circuit, the scanning elfectrode driving circuit, and the like, in an integral fashion on a single chip, which 
results in a reduction In the total size. 

[0033] In a preferable mode of the above-described electro-optical device, scanning voltages applied to the scanning 
electrodes include a non-selection voltage, a first selection voltage which is positive with respect to the non-selection 
voltage, and a second selection voltage which is negative with respect to the non-selection voltage, wherein maximum 
10 and minimum signal voltages applied to the signal electrodes are set to be equal to the first and second selection volt- 
ages described above. This makes it possible to use the maximum and minimum driving voltages in common for both 
the scanning electrode driving circuit and the signal electrode driving circuit thereby reducing the number of levels asso- 
ciated with the driving voltages. Furthermore, because the amplitude of the voltage is equal for both driving circuits, the 
driving circuits are allowed to have an equal breakdown voltage and thus it becomes possible to Integrate both driving 

15 circuits on a single chip. , _,. . j • 

[0034] In the above-described electro-optical device, the electro-optical device may be a liquid crystal display device 
wherein it is preferable to employ a liquid crystal having a characteristic satisfying the condition: (root-mean-square 
value of on-voltage applied to the liquid crystal)/{root-mean-square value of off-voltage applied to the liquid crystal) > . 
(saturation voltage of the liquid crystal)/(threshold voltage of the liquid crystal), as a liquid crystal of said liquid crystal 

20 display device. i. • i» 

[0035] In the above-described electro-optical device, the power supply circuit for generating the scanning voltages 
and the signal voltages preferably includes a voltage boosting circuit for generating the first selection voltage by voltage 
boosting the non-selection voltage and the second selection voltage, a first voltage dropping circuit for generating a sig- 
nal voltage having a voltage level between the second selection voltage and the non-selection voltage, and a second 

25 voltage dropping circuit for generating a signal voltage having a voltage level between the non-selection voltage and the 
second selection voltage. This allows simplification in terms of the circuit configuration of the power supply circuit com- 
pared with the conventional power supply circuit. Furthermore, It becomes possible to integrate the power supply circuit 
together with the driving circuits on a single-chip Integrated circuit. 

[0036] In the above-described electro-optical device, of the scanning electrode driving circuit for applying selection 
30 voltages to the scanning electrodes, the signal electrode driving circuit for applying signal voltages to the signal elec- 
trodes and the power supply circuit for generating the selection voltages and the signal voltages, at least two circuits 
may preferably be integrated on a single-chip driving circuit IC. This allows a reduction in the number of Integrated cir- 
cults used, and thus a reduction in the total size of the device. 

[0037] In the above-described electro-optical device, the scanning electrodes and the signal electrodes may be 
arranged such that they cross each other in a multiple-fold matrix fashion. This allows a reduction in the number of scan- 
ning electrodes or the signal electrodes, and thus it becomes possible to simplify the circuit configuration of the driving 

circuits. . 1 * ^ 

[0038] In the above-described electro-optical device, it is preferable that a substrate on which the scanning electrodes 
are formed and a substrate on which the signal electrodes are formed be disposed such that they oppose each other, 
a single-chip driving circuit IC. including in an integrated fashion the scanning electrode driving circuit for applying 
selection voltages to the scanning electrodes and the signal electrode driving circuit for applying signal voltages to the 
signal electrodes, be mounted on one of the above-described two substrates, and the one of two substrates be con- 
nected to the other substrate via an up-to-down conducting member. This allows a reduction in the size of the frame 
region of the electro-optical device. ... 
[0039] According to still another aspect of the present invention, there is provided a driving circuit for driving an elec- 
tro-optical device including a plurality of scanning electrodes and a plurality of signal electrodes, the plurality of scan- 
ning electrodes and the plurality of signal electrodes being arranged such that they cross each other, the plurality of 
scanning electrodes being organized into groups each consisting of a plural number of scanning electrodes which are 
selected at the same time, selection of scanning electrodes being sequentially performed on a group-by-group basis, 
wherein the driving circuit includes a scanning electrode driving circuit for applying a scanning voltage to the scanning 
electrodes and also includes a signal electrode driving circuit for applying a signal voltage to the signal electrodes: the 
amplitude of the voltage applied to the scanning electrodes is equal to the amplitude of the voltage applied to the signal 
electrodes; and the scanning electrode driving circuit and the signal electrode driving circuit are integrated on a single- 
chip integrated circuit. 

[0040] According to the present invention, this above described construction of the driving circuit allows a reduction 
in the driving voltage and also a reduction in the number of levels associated with the driving voltage. As a result, it 
becomes possible to reduce the total electric power consumed by a power supply circuit which generates the driving 
voltage, driving circuits, a liquid crystal panel, and the like. Furthermore, the power supply circuit and the driving circuits 
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can be constructed in simpler fashions. Still furthermore, the scanning electrode driving circuit is allowed to have a 
smaller breakdown voltage. This allows a reduction in cost. Still furthermore, a reduction In the total size can be 
achieved as a result of the integration of the signal electrode driving circuit and the scanning electrode driving circuit on 
a single chip. 

5 [0041] According to still another aspect of the present invention, there is provided an electro-optical device including: 
a pair of first and second substrates; a plurality of signal electrode means formed In an image display region on the first 
substrate, each signal electrode means including a plurality of pixel electrode sections; a plurality of scanning electrode 
means formed in the image display region on the second substrate, the plurality of scanning electrode means being 
arranged such that each of them crosses a plural number of adjacent pixel electrode sections located in a direction in 

10 which the plurality of signal electrode means are disposed; a driving circuit in the form of a single chip for driving the 
plilirality of signal electrode means and the plurality of scanning electrode means, the driving circuit being connected to 
a predetermined point located on either the first or second substrate in a frame region surrounding the Image display 
region; a plurality of first Interconnection lines formed on either the first or second substrate in the frame region, the plu- 
rality of first interconnection lines serving to connect the driving circuit to one end of each of the plurality of signal elec- 
ts trode means; a plurality of up-to-down conducting means disposed between the first and second substrates in the 
frame region, the plurality of up-to-down conducting means being connected to the end portions of the respective plu- 
rality of scanning electrode means, the end portions being located in the frame region; and a plurality of second inter- 
connection lines formed on either the first or second substrate In the frame region, the plurality of second 
interconnection lines serving to connect the driving circuit to the plurality of up-to-down conducting means. 

20 [00421 In this electro-optical device according to the present Invention, a plurality of electrodes are formed in a multi- 
ple-fold matrix fashion in the image display region, and the driving circuit In the single-chip form Is mounted on a sub- 
strate at a predetermined location in the frame region and at the side of one ends of the signal electrode means. In the 
frame region, one end. adjacent to the above-described predetermined location, of each of the plurality of signal elec- 
trode means is connected to the driving circuit via the corresponding first Interconnection line. This makes It unneces- 

25 sary to extend the first interconnection lines over long paths around the Image display region. That Is. the first 
interconnection lines are required to be formed only along short paths. When the electrodes are formed In an n-fold 
matrix fashion (where n is an integer equal to or greater than 2). the width of each scanning electrode means is set to 
be equal to the total length of n pixels so that each scanning electrode means opposes an an-ay of pixels formed with 
adjacent n signal electrode means. In this case, the total number of scanning electrode means becomes 1/n times the 

30 number of scanning electrode means which are required In the non-multiple matrix structure (that Is. a single-fold matrix 
structure). The end of each of the reduced number of scanning electrode means Is connected. In the frame region, to 
the corresponding up-to-down connecting means which Is in turn connected to the driving circuit via the corresponding 
second interconnection line. Thus, the total number of second Interconnection lines Is reduced to a value as small as 
about 1/n times the number of second interconnection lines which are required in the non-multiple matrix structure. As 

35 a result, the area occupied in the frame region by the second interconnection lines can be reduced by a factor of about 
1/n. That Is, although the driving circuit is of the single-chip type, it is possible to effectively minimize the Increase in the 
area occupied, in the frame region, by the second interconnection lines. On the other hand, because each scanning 
electrode means has a width n times the size of one pixel, high-precision microfabrication technology is not required. 
Thus, it becomes possible to combine the single-chip driving circuit with the signal electrode means in the multiple-fold 

40 matrix form. 

[0043] According to the present invention, as described above, it is possible to reduce the frame region relative to the 
image display region by employing the first interconnection lines extending along rather short paths and a reduced 
. number of second interconnection lines. Besides, the plurality of up-to-down conducting means, which occupy a partic- 
ular area in the frame region and which are required to be formed taking into account the alignment error which can 

45 occur when the first and second substrates are bonded to each other, are formed such that one up-to-down conducting 
means is formed for each of the scanning electrode means the total number of which is reduced by a factor of 1 /n where 
n is the degree of multiplicity. Therefore, the total number of up-to-down conducting means can also be reduced by a 
factor of about 1/n and thus it becomes possible to further reduce the size of the frame region. Furthermore, the employ- 
ment of the first interconnection lines extending along rather short paths and the reduced number of second intercon- 

50 nection lines makes it possible to minimize the total interconnection resistance from the driving circuit to the scanning 
electrode means or the signal electrode means. Thus, degradation of the Image signal due to the increase in the inter- 
connection resistance can be prevented. Furthermore, it also becomes possible to display a high-quality image using a 
driving circuit with a rather low driving capability or a driving circuit with a low breakdown voltage. The ele^ctric power 
consumed during the driving operation can also be reduced. Furthermore, the selection time period of the image signal 

55 during one frame can be increased by a factor of n wherein n is the degree of multiplicity. Thus, the driving voltage may 
also be reduced by reducing the duty ratio. In this case, the actual effects in which contrast ratio and luminance of the 
image displayed can also be enhanced is kept. 

[0044] According to the present invention, as described above, it is possible to reduce the size of the frame region 
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relative to the image display region and it is also possible to rather easily reduce the pixel pitch. It is also possible to 
display a high-quality image using a driving circuit with a rather low driving capability or a driving circuit with a low break- 
down voltage. This allows a reduction in the total power consumption of the device. . 

[0045] In the above-described electrp-optical device, it is preferable that the plurality of scanning electrode means 
5 extend, in an interdigital fashion, frorn b^th sides of the image display region toward the inner area of the image display 
region.' This allows a reduction in the number of up-to-down conducting members disposed at one side of the image, 
display region to a value one-half the total number of scanning electrode means. Furthermore, it is allowed to dispose 
a half of second interconnection lines on the first substrate in an area of the frame region at one side of the image dis- 
play region and another half at the opposite side of the image display region. This allows the second interconnection 
10 lines to be equally distributed on both sides within the frame region surrounding the image display region. Thus, second 
interconnection lines each having a particular width and up-to-down conducting means each having a particular area 
can be disposed in an efficient fashion within the frame region limited in area. 

[00461 In the above-described electro-optical device, it is preferable that the image display region be longer in a direc- 
tion along the signal electrode means than in a direction along the scanning electrode means, and the signal electrode 

15 means and the scanning electrode means be formed such that the number of pixels formed in the Image display region 
along the signal electrode means is greater than the number of pixels along the scanning electrode means. In this 
arrangement, the respective signal electrode means with the multiple-fold . matrix structure extend in the longitudinal 
direction of the image display region, and thus the total number and the length of first interconnection lines each con- . 
nected to one end. near the driving circuit, of the corresponding signal electrode means can be fixed regardless of the 

20 length of the image display region in the longitudinal direction thereof. As for the total number of scanning electrode 
means (that is the total number of second interconnection lines), it is required to increase only one scanning electrode 
means (that Is. one second Interconnection line) each time the number of pixels in the longitudinal direction Is increased 
by n. In this case, it Is required to increase the length of the second interconnection lines only by an amount correspond- 
ing to the Increase In the length of the image display region in the longitudinal direction. Thus, the present invention pro- 

25 vides greater advantages in particular when the length of the image display region in the longitudinal direction becomes 

longer. . • i ^ 

[0047] In the above-described electro-optical device, It is preferable that each up-to-down conducting means includes 
an up-to-down conducting member disposed between the first and second substrates, and an up-to-down conducting 
terminal formed on either one of the first and second substrates, the up-to-down conducting terminal being In contact 

30 with the up-to-down conducting member and being connected to one end of a corresponding second interconnection 
line. In this arrangement, scanning electrode means are connected to the corresponding up-to-down conducting mem- 
bers disposed between the first and second substrates, wherein the up-to-down conducting members are connected to 
the corresponding up-to-down conducting terminals which are in turn connected to the respective ends of the corre- 
sponding second Interconnection lines formed on the first substrate so that the driving circuit can supply a driving volt- 

35 age to the scanning electrode means via the second Interconnection lines, the up-to-down conducting terminals, and 
the up-to-down conducting members thereby driving the scanning electrode means. Furthermore, it Is possible to 
reduce the total number of up-to-down connecting terminals which occupy a particular area in the frame region and 
which are required to be formed taking into account the alignment error which can occur when the first and second sub- 
strates are bonded to each other, by a factor of 1/n. This makes It very easy to reduce the size of the frame region In 

40 which the up-to-down connecting terminals are disposed. 

[0048] In the above-described electro-optical device. It is preferable that each of plurality of signal electrode means 
include pixel electrodes, a signal Interconnection line connected to the pixel electrodes, and two-terminal non-linear ele- 
ments connected between the respective pixel electrodes and the signal electrode. This makes It possible to drive the 
respective pixel electrodes by means of switching via two-terminal non-linear elements such as TFDs (Thin Film 

45 Diodes) thereby display a high-quality image with high contrast, which makes the active matrix driving possible. 

In the above-described electro-optical device, it is preferable that the driving circuit is mounted on the first substrate. 
This makes it possible to realize a small-sized light-weight low-power electro-optical device including a driving circuit 
mounted on a first substrate by means of the COG (Chip On Glass) technique. 

[0049] In the above-described electro-optical device, it is preferable that input terminals be formed at the predeter- 
50 mined location on either the first or second substrate such that the input terminals are connected to the first and second 
interconnection lines and that the driving circuit be connected to the input terminals via particular connection means. In 
this electro-optical device, because the driving circuit is connected to the first substrate via particular connection means 
such as a TAB (Tape Automated Bonding) film, a dedicated connector, or an ACF (Anisotropic Conductive Film), it 
becomes possible to design the electro-optical device in various fashions as required, and a reduction in cost can be 
55 achieved. 

[0050] In the above-described electro-optical device, the signal electrode means and the scanning electrode means 
may be replaced with each other. In this case, the scanning electrode means are formed in a multiple-fold matrix fashion 
on the first substrate on which the driving circuit is mounted, and thus it is possible to reduce the number of up-to-down 
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conducting means connected to the signal eiectrode means formed on the second substrate and It Is also possible to 
reduce the number of second interconnection lines. This allows the pixel pitch to be relatively easily reduced while 
reducing the size of the frame region relative to the image display region. Furthermore it also becomes Possible to d,s- 
play a high-quality image using a driving circuit having a low breakdown voltage and low voltage supply capability. A 

5 reduction In the total power consumVtion Is also achieved. Furthermore, it is possible to display a high-quality image 
using a driving circuit having low capability of driving the signal electrode means(that is. capability of supplying the 
image signal voltage). ^ i. j u 

[00511 The present invention also provides an electronic apparatus using any electro-optical device described above 
as a display device. This makes it possible to realize an electronic apparatus including a display device with a small 

10 frame region. 

[Brief Description of Drawings] 
[0052] 

Fig. 1 is a wave form chart illustrating an example of a method of driving a liquid crystal display device, according 

to a first embodiment of the present invention; , ^ • , 

Fig. 2 is a wave form chart illustrating an example of a method of driving a liquid crystal display device, according 
to a second embodiment of the present invention; . ,.' 

Fig 3 is a block diagram illustrating an example of a driving circuit according to the present invention; 
Fig'. 4 is a graph illustrating an example of an optical characteristic of liquid crystals in terms of luminance as a func- 
tion of the root-mean-square voltage applied to the liquid crystal; 
Fig 5 is a block diagram illustrating an example of a liquid crystal display device; 
Fig 6 is a wave form chart illustrating a conventional method of driving a liquid crystal display device; 
Fig'. 7 is a wave form chart illustrating a method of driving a liquid crystal display device, according to a third embod- 
iment of the present invention; »u„ 4Ui„l omKnH 
Fig. 8 is a schematic representation of voltage levels employed in the dnving method according to the third embod- 

iment of the present invention; ^ , _,. • j • 

Fig 9A is a block diagram illustrating a scanning electrode driving circuit (Y driver) of a liquid crystal display device 
a(x»rding to the present invention, and Fig. 98 is a connection diagram associated with a plurality of cascaded 
scanning electrode driving circuits (Y drivers); ^ . ■ 

Fiq 1 0 is a block diagram illustrating a voltage selector used in a scanning electrode driving circuit; 
Fig. 11 is a block diagram illustrating a signal electrode driving circuit (X driver) of a liquid crystal display device 

according to the present invention; .... i i . 

Fig. 1 2 is a circuit diagram of a circuit for detecting the number of non-coincident levels used in the signal electrode 
driving circuit (X driver) according to the present invention; . ,^ ^ . \ m- „ 

Fig. 13 is a block diagram illusUating a voltage selector used in a signal electrode driving circuit (X driver) according 

to the present invention; ,. .j „,„> j:^„iow 

Fig. 14 is a btock diagram illustrating a conventional power supply circuit used to drive a liquid crystal display 

40 device* 

Fig. 15 is a circuit diagram illustrating the charge pumping operation of a pov^er supply circuit according to the 

present invention; * • *• 

Fig 1 6 is a block diagram illustrating a power supply circuit according to the present invention; 
Fig" 17 is a block diagram illustrating a modification of the power supply circuit according to the present invention; 
Fiq' 18 is a wave form chart illustrating a modification of the dnving method according to the third embodtment; 
Fig. 19 is a perspective view of a liquid crystal display device on which a driving integrated circuit is mounted, 
according to a fourth embodiment of the present invention; ^ ^- * , *u 

Fig. 20 is a schematic diagram illustrating electronic apparatuses according to a fifth embodiment of the present 

Rg^ 21° is a perspective view illustrating the external appearance of a liquid crystal device according to a sixth 
embodiment of the present Invention; 

Fig. 22 Is a plan view of a first substrate according to the sixth embodiment; 
Fig 23 is a plan view of a second substrate according to the sixth embodiment; 

Fig". 24 is an enlarged plan view illustrating specific examples of signal electrodes and scanning electrodes accord- 

55 ing to the sixth embodiment; * *u 

Fig. 25 is a perspective view illustrating the external appearance of a liquid crystal device according to a seventh 

embodiment of the present invention; and ^- , ^i^hfh 

Fig. 26 is a perspective view illustrating the external appearance of a liquid crystal device according to an eighth 
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embodiment of the present invention. 
(Best Mode for Carrying Out the Invention] 

[0053] Embodiments of the present invention are described below with reference to the accompanying drawings. 
(First Embodiment) 

[0054] Fig 5 is a block diagram illustrating a liquid crystal display device which is an example of an electro-optical 
device according to a first embodiment of the present invention, In the liquid crystal display device of the present 
embobiment. a first substrate having scanning electrodes 54 (Y1-Yn) formed on the inner surface thereof and a second 
substrate having signal electrodes 53 (Xl-Xn) formed on the inner surface thereof are disposed such that they oppose 
each other An STN (super twisted nematic) liquid crystal whose molecules are aligned at a twist angle equal to or 
greater than 180° is disposed between the pair of substrates described above. In this liquid crystal device, polarizes are 
disposed outside the pair of substrates such that one polarizer is located on one side and the other polarizer is located 
on the opposite side. An retardation film is disposed at least between either one of the polarizers and the corresponding 
substrate. In the present embodiment, the liquid crystal display device is. byway of example, of the reflective type hay- 
ing a reflector disposed on the outer surface of the polarizer located on a side opposite to the viewing side, wherein the 
image becomes black when a voltage is applied to the liquid crystal. Referring to Fig. 5. a scanning line driver (also 
called a scanning electrode driving circuit or Y driver) 52 applies a scanning voltage waveform, which will be described 
later to the scanning electrodes 54. and a signal line driver (also called a signal electrode driving arcurt or X driver) 51 
applies a signal voltage waveform, which will be described later, to the signal electrodes 53. Pixels are arranged in a 
matrix fashion at respective intersections of the scanning electrodes 54 and the signal electrodes 53. The difference 
between the scanning voltage waveform and the signal voltage waveform is applied as an root-mean-square voltage 
across the liquid crystal at the pixels. If an root-mean-square voltage greater than the threshold voltage of the liquid 
crystal is applied, the corresponding pixel goes into an on-state (biack-display state). Conversely, when the applied 
root-mean-square voltage is lower than the threshold voltage, the corresponding pixel is in an off-state (white-display 
state or a state representing a particular color assigned to the pixel in the case of a color display device). The liquid 
crystal display device may also be of a transmissive type in which pixels go into an off-state when an root-mean-square 
voltage higher than the threshold voltage of the liquid crystal is applied and pixels are in an on-state when the applied 
root-mean-square voltage is lower than the threshold voltage. 

[0055] Fig 1 illustrates driving waveforms employed in the liquid crystal display device shown in Fig. 5. In the driving 
method shown in Fig. 1. scanning electrodes are selected group by group (by means of multi-line selection) wherein 
four scanning electrodes (four lines) are selected at a time. Selection voltages are applied to the scanning electrodes 
selected at the same time, in accordance with a normal orthogonal matrix such that the signal polarity of the selection 
voltages are orthogonal to each other during a particular period (for example, the selection voltage applied to one of 
four lines selected at the same time has a signal polarity opposite to that of the selection voltages applied to the remain- 
ing three lines and each line is selected four times during each frame period wherein the selection voltage in one of the 
four applications has a signal polarity opposite to that in the remaining three applications). In this driving method, se ec- 
tion periods (H) during each of which one line is selected are periodically distributed over one frame penod (IF) so that 
ea6h line is selected once in each of four fields 1f-4f constituting one frame. Y1-Y8 denote scanning voltage waveforms 
which are applied to the respective scanning electrodes Y1-Y8 of the liquid crystal display device shown in Fig. 5 in the 
form of a block diagram. X1 denotes a signal voltage waveform which is applied to the signal electrode denoted by XI 
in Fig. 5 to display an image along the signal electrode XI as shown in Fig. 5. 

[0056] This driving method is different from the conventional driving method in that the selection voltage of the scan- 
ning voltage waveform has the same amplitude as that of the signal voltage waveform, as shown in Fig. 1 . More specif- 
ically with respect to Vc (0 V for example), the positive selection voltage level V2 of the scanning voltage waveform is 
set to be equal to the positive voltage level V2 of the signal voltage waveform. Similarly, the negative selection voltage 
level -V2 of the scanning voltage waveform is set to be equal to the negative voltage level -V2 of the signal voltage 
waveform. As a result, the number of driving voltage levels is reduced to five from seven levels which are required in the 

driving method shown in Fig. 6. t 
[0057] The characteristics of the liquid crystal used are described below. Fig. 4 illustrates an optical characteristic of 
the liquid crystal. More specifically, luminance is shown as a function of the root-mean-square voltage applied to the liq- 
uid crystal Vtl and Vt2 denote voltages (threshold voltages) at which a bright-to-dark transition occurs m the pixels of 
the liquid crystal display device when the root-mean-square voltage applied to the liquid crystal is changed. Vsl and 
Vs2 denote voltages (saturation voltages) at which the pixels of the liquid crystal display device reach an ultimately dark 
state after gradually becoming dark in response to the increase In the root-mean-square voltage applied to the liquid 
crystal The liquid crystal 1 has a lower threshold voltage and the liquid crystal 2 has a higher threshold voltage. 
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[0058] Of two types of liquid crystals described above, the liquid crystal of type 2 is employed in the Present inventio j 
The 'quid crystal of this type has a relatively high threshold voltage Vt2 and has a .relatively low rat,o of Vs2 to Vt2. 
Thereto e JhTs liquid crystal can be driven while maintaining high contrast even when ^here are a large number of scan- 
Tg efect;^d^^^^^^^^^^ the liquid crystal 2 has a threshold voltage Vt2 of ariout 2.2 V and a saturation voltage 

Vs2 of about 2.31 V and thus the raiSo of Vs2 to Vt2 becomes 1 .05. 

[0059] In the present embodiment, by applying the driving method according to the presentlnvention liquid crys- 
telof type 2. it becomes possible to realize a high-contrast liquid crystal display device which can operate at a low driv- 
ina voltage, as will be described in further detail below. . ^•«*«*k^ 

[ioeS] For example, when there are 64 scanning electrodes, the voltages applied to the I'quid crystal according to the 
S method of the present invention become such that V2 is about 4.1 V and VI is about 2.05 V if Vc = O^ln this 
SsL thrratio of the root-mean-square value of on-voltage to the roct-mean-square value of off-voltage applied to the 
^6 rr^stel becomes about 1 .105. and thus Vs2A/t2 = 1.05 < 1.105 . This ensures that high enough contrast can be 

(Oo'^rm the case where there are 120 scanning electrodes, the voltages applied to the liquid crystal according to the 
LnJ method of the present invention become such that V2 is about 4.4 V and VI is a^out 2^2 V vc = 0 _ In this case 
the ratio of the root-mean-square value of on-voltage to the root-mean-square value of off-voltage applied to the I quid 
SsS becomes about 1.06 and thus Vs2A/t2 = 1.05 < 1.06 . Therefore, also in this case, high enough contrast can 
be achieved. 

20 (Example of Construction of Scanning Electrode Driving Circuit) 

[00621 Referring now to Fig. 9A. a scanning electrode driving circuit (Y driver) 220 according to the present embodi- 
ment s dSLd below, wherein the scanning electrode driving circuit 220 --«=P°"^^»° J^VTh'r'.l^n^^^^^^^^^^ 
shown in Fig. 5. in this specific embodiment, it is assumed that there are 120 scanning electrodes. The scanning e ec- 
^de driving circuit 220 1 a semiconductor integrated circuit including a code generator 221 fo^^f^f-t-^^ f^^^^^^^^ 
pattem of voltage selection associated with scanning electrodes for each field in accordance with a frar^e start pulse 
and a latch pulse LP supplied from a control circuit (not shown) which generates, in response to a control signal and 
I^fS^y data supplied fbrma^MPU or the like, a timing signal and display data used to dnve ^1^<^-^^^'^^J^''^ 
devi J The scanning electrode driving circuit 220 also includes other various circuits which will be described later. 
S L thrpresentembodiment. Voltages applied to the scanning electrodes Yl-Yn are V2 or -V2 ^unng s^ect^n 
periods and 0 ^ during non-selection periods. That is. there are three voltage levels in total. To ^^^^^^l^^^^^'^ 
Stage levels it is required to supply selection control Information consisting of two bits for each scanning electrode Yl- 
Yn to a v^taae selector 222 Thus, the code generator 221 generates codes to select a plurality of lines at a time. More 
IpedfiXin resTon^^^ to a frame start pulse^D. the code generator 221 initializes a field counter (not shown) and fi^t 
Tnd^S shTttTegisters 223 and 224. After that, the code generator 221 generates 2-bit voltage selection codes DO 
Tnd DlTdiiting a column pattem of selected voltages to be applied to the respective --"^^ f ^^°f ^ 
field. The resultant voltage selection codes DO and 01 are transferred to the first and second ^^^J^^f^^fJm 
224 serving as serial-to-parallel converters. The first shift registers 223 and the second shift registers 224 are 120-^.t 
shm reS^ers respectively, capable of handling as many bits as required to drive the scann.ng electrodes Jn respo^^^ 
to Se same shift clock CK. the first shift register 223 stores the voltage selection code DO at ^^l^^r^^^^^^^ 
second shift register 224 stores the voltege selection code D1 at the high-order bit. In the above process, the sh.tt clod. 
CKis Generated by a timing generator (not shown) in the code generator 221. In the present embodiment, nstead of 
ZS<^Z I SJ^2aSZ H register which operates in response to the shift clod. CK. two 120-bit shift registers 223 
and 224 are employed wherein they operate in parallel in response to the shift dodc CK. This aHows the shift reg^rs 
223 and 224 to operate at a low frequency in response to latch pulse LP with extremely reduced power consumption^ 
[OOWr The voltage selection codes DO and D1 of each bit applied to the first shift register 223 and the second ^Ij^^^ 
register 224 are sWfted to adjacent bits in response to a shift clock CK wherein outputs are mainteined unchanged for 
L Section pertod At. The outputs of the shift registers are supplied to a level shifter 225 and converged rom low log^ 
LTng Lvels to high logic swing levels. The voltege selection codes DO and D1 with high logic swing levels outpu f om 
Te level shifter 225 arl supplied, together with a liquid crystel alternating signal FR which was f -"^^^ 
of the level at the same time, to a decoder 227 serving as a waveform generator. In response, the ^^^^^J^Jj^^l'. 
ates a selection control signal. A voltege selector 222 is turned on and off in response to the selection control signal 
from the decider 227 so that one of voltages V2. Vc (0 V). and -V2 described above with reference to Fig. 1 ,s applied 

. l^eVX 1 0 the voltage selector 222. The voltage selector 222 Includes an analog 

Iwitch 222A an analog switch 222B. and an analog switch 222C. wherein voltages V2. Vc and -V2 are suppled to the 
analog switches 222A 222B. and 222C. respectively, from a power supply circuit which will be descnbed later. Selec- 
tion control signals Q2. Q1. and QO are input to the respective analog switahes. 
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[0066] In the present embodiment, a plurality of scanning electrode driving circuits (Y drivers 1-n) can be connected 
in a cascade fashion as shown in Fig. 9B. To realize the cascade connection of scanning electrode driving circuits, the 
code generator 221 is adapted to operate in different modes depending on whether the,Y driver is at the first stage of 
Y driver 1 or the second or following stages of Y drivers 2-n, wherein the mode is switched in response to a signal given 

5 to a select terminal MS. More specifically, the Y driver 1 at the first stage operates as follows. That is. after initialization 
in response to the frame start pulse YD. the code generator 221 starts to generate voltage selection codes to the two 
shift registers 223 and 224. In contrast, in the Y drivers at the second and following stages, the select terminal MS of 
the code generator 221 is fixed at a low level so that the code generator does not automatically start generating voltage 
selection codes. The Y drivers 2-n at the second and following stages start generating voltage selection codes to the 

10 two shift registers 223 and 224 only when a carry signal (FS) from the first stage is input from the FSI input terminal. 
When a carry signal (FS) is output from the Y driver n at the final stage, the first field is completed. At this time, the con- 
troller generates no start signal for starting a second field. Instead, the carry signal (FS) generated by the Y driver n at 
the final stage is fed back to the FSI terminal of the Y driver 1 at the first stage and also to the FS terminal of the X driver 
thereby starting generating voltage selection codes associated with the second field to the two shift registers 223 and 

iS 224. After that, the operation is continued in a manner similar to that for the first field. In this way, the operation is per- 
formed successively for the second, third, and the fourth fields. If the operation for the fourth field is completed, the 
operation for the next field (first field) is started. The above-described capability makes it possible to reduce the difficulty 
resulting from the limitation in the number of lines which can be selected at the same time and limitation in the number 
of terminals of the Y driver and thus it makes it possible for the driver circuit to operate in response to the, frame start 

20 pulse YD and the latch pulse LP supplied at the same frequency as in the conventional voltage averaging method. 

(Example of Construction of Signal Electrode Driving Circuit) 

[0067] The construction of the signal electrode driving circuit (X driver) is described below. The X driver isi a semicon- 
25 ductor integrated circuit constructed as shown in Fig. 1 1 . A plurality of X drivers may be connected in a cascade fashion 
via chip enable outputs CEO and chip enable inputs CEI. As shown in Fig. 1 1 . the X driver includes: a chip enable con- 
trol circuit 251 serving as an automatic power saving circuit which operates in response to an active-low signal; a timing 
circuit 253 for generating a required fiming signal on the basis of a signal supplied mainly from a control circuit (not 
shown); an input register 255 which sequentially stores, in response to a high-to-low transition of a shift clock XSCL. 

30 one scanning line of display data DATA (1-bit. 4-bit. or 8-bit data) which is transferred from the control circuit in response 
to an enable signal E; a write register 256 which latches, in response to a high-to-low transition of the latch pulse LP. 
one scanning line of display data DATA supplied from the input register 255 and then writes the latched data into a mem- 
ory matrix of a frame memory (SRAM) 252 during a writing time period equal to or longer than one shift clock XSCL; a 
row address register 257 which is initialized by the scanning start signal YD and which sequentially selects a row (word 

35 line) of the frame memory 252 in response to a write control signal WR or a read control signal RD; a signal voltage 
determining circuit 258 which determines driving voltage information associated with the signal electrodes on the basis 
of the display data supplied from the frame memory 252 and the voltage selection pattern of the scanning electrodes; 
a level shifter 259 which converts the low logic swing signal supplied from the signal voltage determining circuit 258 to 
a high logic swing signal; and a voltage selector 260 which selects one of five voltage levels V2, VI , Vc (OV), -VI , -V2, 

40 which will be described later with reference to Fig. 8. in accordance with the voltage selection code signal with the high 
logic swing supplied from the level shifter 259, and applies the selected voltage to respective signal electrodes XI -Xn. 
[0068] The signal voltage determining circuit 258 includes a latch circuit 258-1, a circuit 258-2 for detecting the 
number of non-coincident signals, and a latch circuit 258-3. Fig. 12 is a block diagram illustrating the circuit 258-2 for 
detecting the number of non-coincident signals. The circuit 258-2 for detecfing the number of non-coincident signals 

45 includes exclusive OR gates EXO. EX1 . EX2, and EX3 wherein non-coincidence data aO, bO.a1.b1. a2. b2. a3. b3 are 
input to the respective exclusive OR gates. The outputs of the exclusive OR gates EXO, EX1. EX2. and EX3 are input 
to a decoder 258-21 which in turn generates selection control signals QO. Q1 , Q2, Q3. and Q4. 
[0069] Fig. 1 3 is a block diagram illustrating the voltage selector 260. The selection signals QO. Q1 , Q2. Q3, and Q4 
generated by the circuit 258-2 for detecting the number of non-coincident signals are input to the voltage selector 260 

so via the latch circuit 258-3 and the level shifter 259. The voltage selector 260 Includes analog switches 261. 262. 263, 
264. and 265 wherein voltages V2, VI , Vc. -V1 , and -V2 are sequentially supplied to the respective analog switches. A 
selection control signal Q4 is input to the analog switch 261. a selection control signal Q3 to the analog switch 262. a 
selection control signal Q2 to the analog switch 263. a selection control signal Q1 to the analog switch 264, and a selec- 
tion control signal QO to the analog switch 265. Voltages of 5 levels are alternatively selected by these analog switches, 

55 

(Example of the Construction of the Power Supply Circuit) 

[0070] Referring now to Fig. 16. the power supply circuit for supplying a five-level voltage to the signal electrode driv- 
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ing circuit and the scanning electrode driving circuit is described below. 

[00711 Vcc (first input potential) and GND (second input potential) are supplied to the power supply circuit. That is a 
single voltage is input to the power supply circuit. The power supply circuit also receives a latch pulse LP generated 
every horizontal scanning period. In response to the latch pulse LP. a clock generator 21 generates a plura^ty of clock 
5 signals with different timing used by charge pump circuits. In the above operation. GND is employed as -V2 and the 
other voltage levels are created with respect to -V2 using Vcc and GND as a power supply In this power supply circuit 
unlike the Jower supply circuit shown in Fig. 1 in which Vc = 0 V. the respective driving voltages are generated such that 
they become positive with respect to GND (0 V). In either case, an equal root-mean-square voltage is applied across 
the liquid crystal of the liquid crystal display device. However, the power supply circuit can be constructed in a simpler 

10 fashion if all driving voltages generated are positive. . ^ x,^ a K.,«f>,iH »r,itanp 

[0072] As shown in Fig. 16. a voltage boosting circuit 29A and a regulator 29B are connected to Vcc. A twofold voltage 
boosting circuit 24 multiplies Vc with respect to GND by 2 by means of charge pumping thereby generating a POf't- 
selection voltage V2. 1/2 voltage dropping circuits 26 and 27 generate V1 by equally dividing between Vcc and V2 and 
also generate -VI by equally dividing between GND and -Vc. by a charge pumping operation 

15 [0073] Fig. 15 conceptually illustrates the basics of a charge pump circuit. In Fig. 15. switches SWa and SWb are 
interlocked with each other such that when one of these switches is in a position A the other switch is in the posrtion A^ 
Although the switches SWa and SWb shown in Fig. 15 are of the mechanical type, each ^'^^^'^"^.^^ ^''f^J^^-^^^^ 
practice, using two MOS transistors one of which serves to control a conduction/shutdown to the side A and the other 
serves to control a conduction/shutdown to the side B. . u ^ k.. » .^itor.» vk. 

20 [00741 When the switches SWa and SWb are in the position A. a pumping capacitor Cp is charged by a voltage Vb- 
Va If the switches SWa and SWb are turned to the side B. the charge stored in the capacitor Cp is transferred to a 
backup capacitor Cb. As the switching operation described above is performed repeatedly, the voltage across the 
capacitor Cb. that is the voltage Ve-Vd. approaches a value equal to Vb-Va. If Vd is fixed to a P^^rt-cuiar voltage. 
Ve becomes higher than Vd by a value equal to Vb-Va. Conversely, in the case where Ve is fixed to apartcular voltage^ 

25 voltage Vd becomes lower than Ve by a value equal to Vb-Va. The charge pump arcuit basically operates n the abov^ 
described manner. The charge pump circuit shown in Fig. 15 can serve as either a voltage boosting circuit or a voltage 
dropping circuit depending on the where Va.Vb.Vd and Ve are connected. 

[0075] Compared with the conventional power supply circuit shown in Fig. 14. the present power supply circuit has 
the advantage that the number of capacitors used in the part surrounded by the dash-dot line can be reduced from 13 
30 to 6. and thus the circuit configuration is simplified. 

(Modification of the Power Supply Circuit) 

[0076] Fig. 17 is a block diagram illustrating an example of a modified power supply circuit. This power supply circuit 
can be obtained by modifying the power supply circuit shown in Fig. 16 such that the 1/2 voHage J^°PP'"9 '^'^^f 26 is 
replaced with voltage dropping means comprising resistors R1 . R2 and a gate 29C and the 1/2 voltage dropping crcu t 
27 irreplaced with voltage dipping means comprising resistors R3. R4 and a gate 29D In this power suppV arcui . 
the part surrounded by the dash-dot line needs only two capacitors and thus the circuit configuration .s further simpli- 

fo077] The driving method described above allows the scanning electrode driving circuit to have a driving voltage 
NLplitude equal to that of the signal electrode driving circuit. This makes it possible to integrate at east both the scan- 
ning electrode driving circuit (scanning line driver) 32 and the signal electrode driving CKCuit (signal dnver) 33 °" a 
. Single-Chip IC 31 as shown in Fig. 3. In addKion to the scanning electrode driving circuit 32 and the signal electrode driv- 
ing circuit 33. it may be possible to further integrate other circuits such as a control circuit 34. a power supply circuit 35 
45 having the construction described above, and the like. . ^ . . c..r«h=rmr,ro 

[0078] Thus, it is possible to achieve enhancement in contrast and a reduction in the dnving voltage. Furthermore, 
the number of levels associated with the driving voltage can be reduced. As a result, it becomes possible to -"educe the 
total electric power consumed by the power supply circuit, the driving circuits, the liquid crystal panel, and the like of 
the liquid crystal display device. Furthermore, the power supply circuit and the driving circuits can be constructed in 
simpler fashLs. Even ihen there are as many as 120 scanning lines, it is possible to drive ^^^^ "^^^^ 
driver integrated circuit having a breakdown voltage as low as 10 V or lower. This allows a ^^^"f ^.'"^^ . J"!; 
thermore as shown in Fig. 3. it becomes possible to combine the power supply circuit, the control circuit, the signal 
electrode driving circuit, the scanning electrode driving circuit, and the like, in an integral fashion on a single chip, which 
results in a reduction in the total size. 

[00791 Although the selection periods are distributed into four parts in the first embodiment, the selection penods may 
be distributed into two parts every 2H periods or may be distributed in another fashion, for example, as disclosed in Jap- 
anese Unexamined Patent Publication No. 9-15556. . , * ^ ^ ■ ^V^Mif or.H 
[0080] The techniques associated with the scanning electrode driving circuit, the signal electrode driving circuit, and 
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the power supply circuit may be used in other embodiments which will be described later. 

1 

(Second Embodiment) j 

5 [0081] A liquid crystal display device According to a second embodiment is described below. This liquid crystal display 
device has a construction similar to that employed in the first embodiment. That is, as shown in the block diagram of 
Fig. 5, the liquid crystal display device includes scanning electrodes 54 and signal electrodes 53. An STN (super twisted 
nematic) liquid crystal whose molecules are aligned at a twist angle equal to or greater than 180° is disposed between 
the scanning electrodes 54 and the signal electrodes 53. Herein, as in the first embodiment, it is also assumed that the 

10 liquid crystal display device is of the reflective type in which the Image' becomes black when a voltage is applied to the 
liquid crystal. 

[0082] Fig. 2 illustrates driving waveforms employed in the present embodiment. In the driving method according to 
the present embodiment, scanning electrodes (lines) are sequentially selected group by group such that four scanning 
electrodes (four lines) are selected at a time. As in the first embodiment, selection voltages are applied at the same time 

15 to the scanning electrodes selected at the same time, in accordance with a normal orthogonal matrix such that the sig- 
nal polarity of the selection voltages are orthogonal to each other during a particular period. However, in this second 
embodiment, unlike the first embodiment in which selection periods (H) are distributed over one frame period (1 F). four 
selection voltages 1h-4h which are applied, in the first embodiment, during one frame period are combined together to 
constitute one selection period (H). Y1 to Y8 denote scanning voltage waveforms applied to the respective scanning 

20 electrodes 54 denoted by Y1 to Y8 of the liquid crystal display device shown in the form of a block diagram in Fig. 5. XI 
denotes the waveform of a signal voltage applied to a signal electrode 53 denoted by X1 in Fig. 5. 
[0083] In the driving method according to the present invention, as shown in Fig. 2, the amplitude of the scanning 
voltage waveform associated with the selection voltage Is equal to the amplitude of the signal voltage waveform. More 
specifically, with respect to Vc (0 V for example), the positive selection voltage level V2 of the scanning voltage wave- 

25 form is set to be equal to the positive voltage level V2 of the signal voltage waveform, and the negative selection voltage 
level -V2 of the scanning voltage waveform is set to be equal to the negative voltage level -V2 of the signal voltage 
waveform. This allows a reduction in the number of voltage levels associated with the driving voltages from 7 levels to 
five levels as shown in Fig. 6. 

[0084] The characteristics of the liquid crystal used are described below. Fig. 4 illustrates an optical characteristic of 
30 the liquid crystal. More specifically, the luminance is shown as a function of the root-mean-square voltage applied to the 
liquid crystal. Vt1 and Vt2 denote voltages (threshold voltages) at which a bright-to-dark transition occurs in the pixels 
of the liquid crystal display device when the root-mean-square voltage applied to the liquid crystal is changed. Vsl and 
Vs2 denote voltages (saturation voltages) at which the pixels of the liquid crystal display device reach an ultimately dark 
state after gradually becoming dark in response to the increase in the root-mean-square voltage applied to the liquid 
35 crystal. The liquid crystal 1 has a lower threshold voltage and the liquid crystal 2 has a higher threshold voltage. 

[0085] Of two types of liquid crystals described above, the liquid crystal of type 2 is employed in the present invention. 
The liquid crystal of this type has a relatively high threshold voltage Vt2 and has a relatively low ratio of Vs2 to Vt2. 
Therefore, this liquid crystal can be driven while maintaining high contrast even when there are a large number of scan- 
ning electrodes. More specifically, the liquid crystal 2 has a threshold voltage Vt2 of about 2.2 V and a saturation voltage 
40 Vs2 of about 2.31 V and thus the ratio of Vs2 to Vt2 becomes 1 .05. 

[0086] In the present embodiment, by applying the above-described driving method to the liquid crystal of type 2. it 
becomes possible to realize a high-contrast liquid crystal display device which can be driven by a low driving voltage, 
as will be described in further detail below. 

[0087] For example, when there are 64 scanning electrodes, the voltages applied to the liquid crystal according to the 
45 above-described driving method become such that V2 is about 4.1 V and VI is about 2.05 V if Vc = 0. In this case, the 
ratio of the root-mean-square value of on-voltage to the root-mean-square value of off-voltage applied to the liquid crys- 
tal becomes about 1.105, and thus Vs2A/t2 = 1.05 < 1.105 . This ensures that high enough contrast can be achieved. 
[0088] In the case where there are 120 scanning electrodes, the voltages applied to the liquid crystal according to the 
driving method of the present invention become such that V2 is about 4.4 V and VI is about 2.2 V if Vc = 0. In this case. 
50 the ratio of the root-mean-square value of on-voltage to the root-mean-square value of off-voltage applied to the liquid 
crystal becomes about 1.06. and thus Vs2A/t2 = 1.05 < 1.06 . Therefore, also in this case, high enough contrast can 
be achieved. 

[0089] The driving method described above allows the scanning electrode driving circuit to have a scanning voltage 
amplitude equal to the amplitude of the signal voltage output from the signal electrode driving circuit. This makes it pos- 
55 sible to integrate at least both the scanning electrode driving circuit (scanning line driver) 32 and the signal electrode 
driving circuit (signal line driver) 33 on a single-chip IC 31 as shown in Fig. 3. In addition to the scanning electrode driv- 
ing circuit 32 and the signal electrode driving circuit 33, it may be possible to further integrate other circuits such as a 
control circuit 34, a power supply circuit 35 having the construction described above, and the like. 
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10090] Thus, it is possible to achieve enhancement in contrast and a reduction in the driving voltage. F^rtherrnore 
he number of ievels'associated with the driving voltage can be reduced. As a result It becomes possible o educe the 
total electric power consumed by the power supply circuit, the driving circuits, the liau.d crystal panel, and the like ot 
hf Iitl?cr/sta7 d device. Furthermore, the power supply circuit and the driving circuits can be constructed m 
i^^iler LhTons. Even when there aVe as many as 120 scanning lines, it is possible to drive '^^ "J^^ ^ 

driver integrated circuit having a breakdown voltage as low as 10 V or lower. This ^^V^^^-^;"" '^^^^^^ 
thermore as shown in Fig. 3. it becomes possible to combine the power supply circuit, the control circuit, the signal 
ele^Sdrl^g « the s;anning electrode driving circuit, and the like, in an integral fashion on a single chip, which 
results in a reduction in tlie total size. 



10 



(Third Embodiment) 

[00911 Fig. 7 illustrates driving waveforms employed In this third embodiment. In the driving -^^/^^d ^^^/J^^ fj^^ 
present embodiment, scanning electrodes (lines) are sequentially selected on a 9™"P-''y^;2d to^he^s^^^^^^^^^^ 
15 scanning lines are selected at a time. As in the first embodiment, selection voltages are applied to "9 f f^^^ 

trSes selected at the same time. In accordance with a normal 7'^^.-^*^^^^^^^^^^^ T^V 

selection voltaaes are orthogonal to each other during a particular penod. In this third embodiment, as in the tirst 
rmbo^meTsetec^on periods (H) are distributed over one frame period (1 F). In this embodiment, the liquid crystal d,s- 
pSdevTce h^^^^^^^^ constriction to that shown in the block diagram of Fig. 5. and thus a description is given below 

" rooo^rsublte having scanning electrodes 54 (Yl-Yn) formed on the Inner surface thereof and a subst^te having 
Sgna eleciodes 53 (Xlin) forme? on the Inner surface thereof are disposed such that they °PP-; 
STN (super twisted nematic) liquid crystal whose molecules are aligned at a twist angle equal to or greater than 180 
fs cJsposed b^S^een the pair o?subst7ates described above. In this liquid crystal device. P°'---/- 
the pair of substrates such that one polarizer is located on one side and the other polarizer is located o" JJ^ opposrte 
side A retardation film is disposed at least between either one of the polarizer and the corresponding substrate In the 
p^sem emborent. the liquid crystal display device Is. by way of example of the -^^jj^-J^^P;^';^^^^^^^^ 
Dosed on the outer surface of the polarizer located opposite the viewing side, wherein the image becomes black when 
Tvoti Is appl ed to the liquid costal. In Fig. 5. a scanning line driver (also called a scanning ^^^^^^^^^^ 
or Y di?ver) 52 applies a scanning voltage waveform, which will be described later, to the scanning «'«ctrodes 54^and 
a signant!^e driver (also called a signal electrode driving circuit or X driver) 51 applies a signal voltage wavefornv which 
wm be described later to the signal electrodes 53. Pixels are arranged in a matrix fashion at respective intersections of 
Th sLnnIn e^ctr^^es 54 and' the signal electrodes 53. The difference between -^^^^^^^taTr^^^^ 
the slanal voltage waveform is applied as an root-mean-square voltage across the liquid crystal at the pixels. If an root 
rJL^sqll^ SHreater than t^ threshold voltage of the liquid crystal is applied, the corresponding P'-e 9oe -nto 
an on-s?ate (btack state). Conversely, when the applied root-mean-square voltage is lower than the threshold voltage. 
STe <J,rrespondiS SxeVis in an off-state (white state, or a state representing a particular color assigned to the pixel in 
Te Sse ofa Sor dTsplay device). The liquid crystal display device may also be of a transmlsslve type in which pixels 
go l"o an off-SSe When an root-mean-square voltage higher than the threshold voltage o, the -PP"«^ 
and pixels are in an on-state when the applied root-mean-square voltage is lower than the threshold voltage 
?0093 1nre driving method shown In Fig. 7. scanning electrodes are ^-^-^-'^fy^l'^f^^^^^^^^ 
of mu ti-line selection) wherein seven scanning electrodes (seven lines) are selected at a time. This rriettiod allows a 
rld'Soi in the number of levels associated with the voltage applied to the signal electrodes to five levels from nine lev- 
els which are required when the conventional driving method is employed. . ^. ^ , „f.=^onn!nne>lpr 
^094] in general, the number of voltage levels required in the driving method in which a plurality of scanning elec- 
trnrlp<5 are selected at a time can be reduced as follows. , x j 
0095] The n^^^^^^^^^^ electrodes which are selected at a time is set to h such ^^^J/J J^^^^^^^^^^^^ 
contain e virtual scanning electrodes (virtual lines). Coincidence/non-coincidence in terms of signal leve s between the 
Slay da^dis Jayed by the pixels o the virtual scanning electrodes and the voltage selection pattern (signal polanty 
S?rn ofse^ cSo^^^^^^^^ to the scanning electrodes is controlled so that the total comcidence/non-comc.- 
Z:::^^^^^^^^ lons-Jm Lly reducing the number of levels associated with signal ^^^'^^^^^^^^^ 
electrodes. If the number of non-coincident signals is denoted by Mi, then the voltage Vcoiumn aPP"ed to the signal elec 
trodes can be given by the following equation: 
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h 

V column ''^<'I.^k'h^1®<^k*h.1 
= Vc(2Mi - h) 

5 



where Vc is a constant. 

[0096] The above expression may be given in a simpler form as follows: 
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[0097] In any way. Vcotumn takes h + 1 levels. 

[0098] In the present embodiment, h associated with each sub-group is equal to eight, and thus eight scanning elec- 
trodes are selected at the same time. If no reduction is made in the number of voltage levels, then nine levels such as 
-V4 -V3 -V2, -V1, 0. V1, V2, V3. and V4 are required. Instead, grouping associated with scanning electrodes may be 
performed such that one virtual scanning electrode is contained in each group consisting of eight scanning electrodes 
so that actual seven scanning electrodes are selected at the same time, and the signal applied to the virtual scanning 
electrode is controlled so that the total number of non-coincident signals becomes even as Illustrated in TABLE 1 . 

[TABLE 1] 



ORIGINAL VOLT- 
AGE LEVEL 


ORIGINALNUM- 
BER OF NON- 
COINCIDENT SIG- 
NALS 


COINCIDENCE OF 

VIRTUAL SCAN- 
NING ELECTRODE 


CORRECTED 
NUMBER OF NON- 
COINCIDENT SIG- 
NALS 


CORRECTED VOLT- 
AGE LEVEL 


-V4 


0 


YES 


0 


Va 


-V3 


1 


NO 


2 


Vb 


-V2 


2 


YES 


2 


Vb 


-V1 


3 


NO 


4 


Vc 


0 


4 


YES 


4 


Vc 


V1 


5 


NO 


6 


Vd 


V2 


6 


YES 


6 


Vd 


V3 


7 


NO 


8 


Ve 


V4 1 8 


YES 


8 


Ve 



so 



55 



[0099] As can be seen from TABLE 1 , it is possible to reduce the number of voltage levels to five from the onginal 
number of nine. Fig. 8 illustrates an example in which, of the original nine levels -V4. -V3. -V2, -V1 , 0. V1 . V2, V3, and 
V4 odd-numbered voltage levels are employed as voltages Va. Vb, Vc. Vd. and Ve applied to the signal electrodes. 
[0100] The virtual scanning electrode is not necessarily needed to be used to display an image, and thus it is not nec- 
essarily required to actually form the virtual scanning electrode. However, in the case where the virtual scanning elec- 
trode is actually formed, it may be disposed in an area which does not influence the image actually displayed. 
[0101] As described above, selection voltages are applied to scanning electrodes selected at the same time, in 
accordance with a normal orthogonal matrix such that the signal polarity of the selection voltages are orthogonal to 
each other during a particular period. In the driving method shown in Fig. 7, selection periods (H) dunng each of which 
one line is selected are periodically distributed over one frame period (1 F) so that each line is selected once in each of 
eight fields 1f-8f constituting one frame. Although eight lines of scanning electrodes are selected at a time, selection 
voltages are applied to seven lines at the same time because one of the eight lines is a virtual scanning electrode. In 
this case, one frame consists of eight fields and each scanning electrode is selected eight times during one frame. Y1- 
Y8 denote scanning voltage waveforms which are applied to the respective scanning electrodes Y1-Y8 of the liquid 
crystal display device shown in Fig. 5 in the form of a block diagram. X1 denotes a signal voltage waveform which is 
applied to the signal electrode denoted by X1 in Fig. 5 to display an image along the signal electrode X1 as shown in 
Fig. 5. 
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[0102] In the present embodiment, as in the first and second embodiments described above, the amplitude of the 
scanning voltage waveform associated with the selection voltage is set to be equal tolthe amplitude of the signal voltage 
waveform. More specifically, with respect to Vc (0 V for example), the positive selection voltage level V4 of the scanning 
voltage waveform is set to be equal to the positive voltage level V4 of the signal voltage waveform, and the negative 

5 selection voltage level -V4 of the scanning voltage waveform is set to be equal to the negative voltage level - V4 of the 
signal voltage waveform. This allows a reduction in the number of voltage levels associated with the driving voltages to 
five levels from eleven levels (equal to the number of levels associated with the selection voltage plus the number of 
levels associated with the signal voltage) which are required when the conventional driving method is employed. 
[0103] In the present embodiment, a liquid crystal of type 2 shown in Fig. 4 is employed. Although the liquid crystal 

10 of type 2 has a relatively high threshold voltage Vt2, the ratio of Vs2 to Vt2 is rather low and thus it is possible to drive 
the liquid crystal while maintaining high contrast even when there are a large number of scanning lines. More specifi- 
cally, the liquid crystal 2 has a threshold voltage Vt2 of about 2.2 V and a saturation voltage Vs2 of about 2.31 V and 
thus (Vs2A/t2) = 1 .05 . In the present embodiment, by applying the above-described driving method to the liquid crystal 
of type 2, it becomes possible to realize a high-contrast liquid crystal display device which needs a low driving voltage. 

15 as will be described in further detail below. 

[0104] For example, when there are 203 scanning electrodes, the voltages applied to the liquid crystal according to 
the driving method of the present invention become such that Vc=0. Vth = 2.2 V, V4 Is about 5.66 V. Vth = 1.7 V, and 
V4 is about 4.37 V. In this case, the ratio of the root-mean-square value of on-voltage to the root-mean-square value, of 
off-voltage applied to the liquid crystal becomes about 1.056, and thus (Vs2A/t2) = 1.05 < 1.056 . This ensures that 

20 high enough contrast can be achieved. 

[0105] The driving method described above allows the scanning electrode driving circuit to have a driving voltage 
amplitude equal to that of the signal electrode driving circuit. This makes it possible to integrate at least both the scan- 
ning electrode driving circuit (scanning line driver) 32 and the signal electrode driving circuit (signal line driver) 33 on a 
single-chip IC 31 as shown in Fig. 3. In addition to the scanning electrode driving circuit 32 and the signal electrode driv- 

25 ing circuit 33. it may be possible to further integrate other circuits such as a control circuit 34, a power supply circuit 35 
having the construction described above, and the like. 

[0106] . In the present embodiment, selection pulses for simultaneously selecting seven lines are distributed over eight 
fields. Alternatively, a driving method of not-distributing during the selection period for performing simultaneous selec- 
tion and sequential selection can be employed in which, instead of distributing selection pulses, seven lines of scanning 
30 electrodes which are selected at the same time during a predetermined period may be continuously selected as shown 
in Fig. 18. That is, a selection period is set such that the same scanning electrode is continuously selected during period 
IF and after the end of the selection period during which a set of seven lines is continuously selected, another set of 
seven lines are selected. 

[0107] In the present embodiment, because seven lines are selected at a time, the signal electrode driving circuit gen- 
35 erates signal electrode potentials for each horizontal period in accordance with display data over 7 lines and a determi- 
nant of voltage selection column pattern of the scanning electrode. 

[0108] Although in the present embodiment, voltage levels V4. V2. VC, -V2, and -V4 are selected as shown in Fig. 8, 
V3, VI . VC. -VI , and -V3 may also be selected. 

[0109] Thus, in the present embodiment, it is possible to achieve enhancement in contrast and a reduction in the driv- 
40 ing voltage. Furthermore, the number of levels associated with the driving voltage can be reduced. As a result, it 
becomes possible to reduce the total electric power consumed by the power supply circuit, the driving circuits, the liquid 
crystal panel, and the like, of the liquid crystal display device. Furthermore, the power supply circuit and the driving cir- 
cuits can be constructed in simpler fashions. Although there are as large as 203 scanning lines, the driver IC is allowed 
to have a breakdown voltage as low as 12 V or lower. This allows a reduction in cost. Still furthermore, as shown in Fig. 
45 3, it becomes possible to combine the power supply circuit, the control circuit, the signal electrode driving circuit, the 
scanning electrode driving circuit, and the like, in an integral fashion on a single chip, which results in a reduction in the 
total size. 

[0110] In the first to third embodiments described above, when the division (total number of scanning elec- 
trodes)/(number of scanning electrodes selected at the same time) has a remainder, the remaining scanning electrodes 
50 are driven by selecting signal voltages applied to those signal electrodes assuming that there are as many scanning 
electrodes as there are in the norma! state. 

(Fourth Embodiment) 

55 [01 1 1] In the liquid crystal display device according to any of first to third embodiments, at least the scanning electrode 
driving circuit and the signal electrode driving circuit may be integrated together on a single-chip driver integrated circuit 
or in addition to the scanning electrode driving circuit and the signal electrode driving circuit, other circuits such as a 
control circuit, a power supply circuit, and the like, may be further integrated, and the single-chip driver integrated circuit 
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(driver iC 31 shown in Fig. 3) may be mounted as shewn in Fig. 19. ; ^ 

[01121 In Fig 19 reference numeral 1304 denotes a liquid crystal panel on which scanning electrodes and signal 
electrodes are formed in a matrix fashion according to the first or second embodiment. 1304a and 1 304b denote a pair, 
of substrates made of for example glass wherein the scanning electrodes and signal electrodes are formed on the inner 
surfaces thereof. The electrodes formed on the substrate 1304a are connected to the interconnect.on electrodes 
formed on the substrate 1304b via up-to-down conducting members (not shown). Reference numeral 1322 denotes a 
flexible tape on which the driving integrated circuit 1 324 described above is mounted. The driver integrated circuit 1 322 
has scanning voltage output terminals and signal voltage output terminals which are electrically connected to input ter- 
minals of the scanning electrodes and the signal electrodes, respectively, via an anisotropic conductive fHm. wherein 
the input terminals are located on the end part of the substrate 1304b. The tape 1322 is also bonded to the substrate 
1304b. Alternatively, the driver integrated circuit 1322 may be mounted directly on the substrate 1304b by means of the 
COG mounting technique without using a flexible tape. ^- 
[01 131 By employing the driver integrated circuit in the single-chip form, it becomes possible to mount the driver inte- 
grated circuit into a simpler structure by a simpler process. Furthermore, a reduction in the number of components is 
achieved and a device with a smaller size can be realized. 

(Fifth Embodiment) 

[01 141 A small-sized low-cost electronic apparatus, such as a portable telephone, small-sized information apparatus, 
and the like capable of displaying a high-quality image with low power consumption can be realized by employing a liq- 
uid crystal display device driven by any method disclosed in the first, second, or third embodiment. 
[01151 Fig 20 illustrates external appearances of some electronic apparatuses using a liquid crystal display device 
according to the present invention. Fig. 20A is a perspective view of a portable telephone. In Fig. 20 A, reference 
numeral 1000 denotes the main body of the portable telephone. 1001 denotes a liquid crystal display part using a 
reflective type liquid crystal display device according to the present invention. Fig. 20B illustrates a wnstwatch type elec- 
tronic apparatus. Reference numeral 1100 denotes the main body of the watch. 1101 denotes a liquid crystal display 
part using a reflective type liquid crystal display device according to the present invention. The pixel density of the liquid 
crystal display device employed herein is higher than that of the conventional clock display part, and thus the liquid crys- 
tal display device may display even a TV picture. That is. a wristwatch type TV can be realized. 
[0116] Fig 20C illustrates a portable type information processing device such as a word processor, personal compu- 
ter and the like. Reference numeral 1200 denotes an information processing device. 1202 denotes an input device 
such as a keyboard. 1 206 denotes a display part using a liquid crystal display device according to the present invention, 
and 1204 denotes the main body of the information processing device. These electronic apparatuses are driven by a 
battery Therefore, if a driving circuit in the form of an integrated circuit capable of being driven by a low voltage is 
employed, it becomes possible to Increase the battery life. Furthermore, the employment of the driver circuit in ttie form 
of a single-chip integrated circuit results in a great reduction in the number of components and thus further reductions 

in weight and size can be achieved. ^ , ■ , j „ «,t,:»ror», 

[01171 In the first to fifth embodiments described above, four or seven lines are selected at a time. Instead, a" arbitrary 
number of lines may be selected at a time. That is. the number of lines selected at a time may be any of 2 3, 5. 6 8. 
In any case driving may be performed in a similar manner according to the present invention, by setting the amplitude 
of the scanning voltage waveform to a value equal to the amplitude of the signal voltage waveform. ^ . . 

[01 1 81 Furthermore, although In the above-described embodiments, the total number of scanning electrodes to be 
driven is 64 120, or 203. and a liquid crystal of type 2 is employed, the total number of scanning electrodes may be 
equal to or smaller or larger than 64. In any case, reductions in power consumption and cost can be achieved according 
to the present invention. A low-voltage liquid crystal such as that of type 1 may also be employed to achieve a further 

reduction in power consumption. . ^. , . . ., , „iJi„„iow/in 

[0119] Furthermore, although in the above-described embodiments, an image is displayed in a two-leve display (in 
an on/off display), a gray-scale image may also be displayed by applying a pulse width modulation (PWM) voltage 
waveform to signal electrodes during selection periods or by employing frame rate control (FRC). 
[01 20] Furthermore, although a reflective type STN liquid crystal is employed as the liquid crystal of the liquid crystal 
panel the liquid crystal is not limited to that. For example, a bistable type liquid crystal such as that of the ferroelec nc 
type or of the antiferroelectric type, a high-polymer dispersion liquid crystal, a TIM liquid crystal, a nematic liquid crystal 
or other various types of liquid crystals may also be employed. Furthermore. Instead of a reflective type liquid crystal 
panel, a transmissive liquid crystal panel may also be employed in the present invention. ..... 

[01211 Still furthermore, although in the above-described embodiments, the liquid crystal panel is of the simple matnx 
type the driving method according to the present invention may also be applied to an active matrix type liquid crystal 
panel including pixel electrodes arranged in a matrix fashion on one panel substrate wherein each pixel is connected to 
a two-terminal non-linear element serving as a switching element and wherein the respective two-terminal switching 
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elements and a liquid crystal layer are electrically connected in series between scanning electrodes and signal elec- 
trodes. 

[0122] In the driving method based on multi-line selection, the signal polarity of the selection voltage applied to the 
scanning electrodes is determined in accordance with a normal orthogonal matrix. Herein, the signal polarity refers to 

5 a polarity with respect to the non-selection voltage Vc of the scanning voltages. If Vc = 0 V, a positive selection voltage 
and a negative selection voltage are determined in accordance with a normal orthogonal matrix. Alternatively, all scan- 
ning voltage levels may be positive or all levels may be negative, with respect to GND voltage. In this case. Vc 5t 0 V, 
and thus scanning voltages are selected from positive and negative selection voltages with respect to Vc. In accordance 
with a normal orthogonal matrix. 

10 [0123] As described above, by driving the liquid crystal display device using the driving method and/or using the driv- 
ing circuit according to any of first to fifth embodiments, a reduction in the driving voltage and also a reduction in the 
number of levels associated with the driving voltage can be achieved. As a result, it becomes possible to reduce the 
total electric power consumed by the power supply circuit, the driving circuits, the liquid crystal panel, and the like, of 
the liquid crystal display device. Furthermore, the power supply circuit and the driving circuits can be constructed in 

15 simpler fashions. Contrast can be improved by employing a liquid crystal with optimized characteristics. Still further- 
more, the driver integrated circuit is allowed to have a low breakdown voltage, which allows a reduction in cost. Still fur- 
thermore, it becomes possible to combine the power supply circuit, the control circuit, the signal electrode driving 
circuit, the scanning electrode driving circuit, and the like, in an integral fashion on a single chip, which results In a 
reduction in the total size. Still furthermore, it is possible to realize a small-sized low-cost electronic apparatus including 

20 a liquid crystal display device using the driving method and/or the driving circuit according to the present invention, 
capable of displaying a high-quality image with low power consumption. 

(Sixth Embodiment) 

25 [0124] Referring now to Figs. 21 to 24. a sixth embodiment of the present invention is described below. In this sixth 
embodiment, a panel structure using the driving method according to any of first to third embodiments is employed to 
realize a liquid crystal display device. Fig. 21 illustrates the external appearance of the liquid crystal display device. Fig. 
22 is a plan view illustrating the layout of signal electrodes and other elements disposed on a first substrate of the liquid 
crystal device. Fig. 23 is a plan view illustrating the layout of scanning electrodes and other elements disposed on a sec- 

30 ond substrate of the liquid crystal device. Fig. 24 is an enlarged view illustrating some specific examples of structures 
of electrodes. 

[0125] In the liquid crystal display device according to the sixth embodiment, as shown in Fig. 21, a first substrate 1 
(con-esponding to 1304a in Fig. 19) and a second substrate 2 (conresponding to 1304b in Fig. 19) are disposed such 
that they oppose each other and an STN liquid crystal is disposed in a sealed fashion between the first and second sub- 

35 strates. In the plan view, an image display regions 3 where an image is actually displayed is defined in a central area of 
the substrates between which the liquid crystal is disposed. A frame region 4 is defined in an outer area surrounding 
the image display region 3. A driving circuit 100 in the form of a single chip is mounted on the first substrate 1, in a 
mounting area la of the frame region 4. This driver integrated circuit 100 corresponds to the driver integrated circuit 31 
shown in Fig. 3 or 1324 shown in Fig. 19. 

40 [0126] As shown in Figs. 21 and 22, a plurality of signal electrodes 10 are formed in the image display region 3 on the 
^first substrate 1 such that they form together with scanning electrodes 20 a multiple-fold matrix structure. Each signal 
electrode 10 includes a plurality of pixel electrodes 10a disposed at the respective pixels and a signal interconnecting 
part 10b connected to the plurality of pixel electrodes 10a. Each electrode 10 extends in a Y direction. On the other 
hand, as shown in Figs. 21 and 23, a plurality of scanning electrodes 20 are formed in the image display region 3 on 

45 the second substrate 2 in such a manner that each line of scanning electrode extends over a plurality of pixel electrodes 
10a connected to a plurality of signal electrodes 10. That is, each scanning electrode extends in an X direction. The 
scanning electrodes 20 and the signal electrodes 10 correspond to the scanning electrodes 54 and the signal elec- 
trodes 53. respectively, shown in Fig. 5, 

[0127] As shown in Figs. 21 and 22. the driving circuit 100 in the single chip form is mounted on the first substrate 1, 
50 in the mounting area 1a located at the side (the lower side of Fig. 22) of one end of each signal electrode 10. The driving 
circuit 100 supplies a signal voltage waveform and a scanning voltage waveform at predetermined times to the signal 
electrodes 10 and the scanning electrodes 20. respectively, thereby driving these electrodes. More specifically, display 
data in a predetermined format is supplied from an external circuit to the driving circuit 100 via external input terminals 
5 shown in Fig. 21. In accordance with the received display data, the driving circuit 100 performs a driving operation in 
55 the manner disclosed in any of the first to fifth embodiments thereby displaying an image in the image display region 3. 
[0128] In the frame region 4, as shown in Fig. 22, a plurality of first interconnection lines 31 extend so as to connect 
the driving circuit 100 to one end, located near the driving circuit 100, of each signal electrode 10. Furthermore, in the 
frame region 4, a plurality of second interconnection lines 32 extend so as to connect the driving circuit 100 to up-to- 
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down conducting terminals 40 formed on the first substrate 1 . Still furthermore, in the frame region 4. as shown in Figs^ 
22 and 23, a plurality of up-to-down conducting members 41 are disposed between the fi^st substrate 1 and the second 
substrate 2 such that the up-to-down conducting terminals 40 formed on the first substrate are electncally connected to 
the e"d?20^^^ in the frame regipn 4. of the respective scanning electrodes 20 Jia the up-to-down conducting 

members 41. ^ r ■ a * 

[0129] In the present embodiment, as described above, the driving circuit 100 is connected .n the ^^^^^ region 4 to 
L ends, located near the driving circuit 100. of the respective signal electrodes va the ^^^^ '"'^^^^-^^f^^^^^^^^^ 
This makes it unnecessary to extend the first interconnection lines 31 along long paths around the image display region 
3 (refer to Fig. 22). That is. the length of each first interconnection line 31 becomes very short. 
[0130] When the signal electrodes 10 and the scanning electrodes 20 are arranged in a tv.o-fbld -^f 
shown in Fig 24A the widths of the respective scanning electrodes 20 for supplying scanning signals Y1. Y2,... are set 
to be equal to the total size of two pixels arranged in the Y direction so that each scanning ^0^^^^^^^^^^^^ 
of pixels formed by two adjacent signal electrodes 10 for supplying image signals XI. X2.. The total """^ber of scan- 
ning electrodes 2^ becomes one-half the number of scanning electrodes which are required « "^-j^^^^P^^^^^^^^^^ 
suucture (that is. a single-fold matrix structure in which one pixel is defined at each intereection between the scanning 
electrode and the signal electrodes). In the case where the signal electrodes 10 and the --""'"g J ^f^^^^^^ 
arranged In a three-fold matrix form as shown in Fig. 24B. the widths of the- respective scanning f «f "^j^^^f^^^^^^^^^^ 
to be equal to the total size of three pixels arranged in the Y direction so that each scanning electrode 20 oppose^ . 
arrays of pixels formed by three adjacent signal electrodes 1 0. In this case, the total number of ^?=^""'"9;'«^^^°;^^ 
becomes about 1/3 times the number of scanning electrodes which are required in the non-multiple matrix structure 
[01311 In general, when the signal electrodes 10 are arranged in an n-fold matrix structure (where n is an '"teger equa 
o or greater than 2). the width of each scanning electrode 20 is set to be equal to the tota size of " P-«^-^^^^^^^^^ 
each scanning electrode 20 opposes arrays of pixels which are formed by n adjacent signal ,hTlm^er 
are arranged in the Y direction. In this case, the total number of scanning electrodes 20 becornes 1/n tirnes the number 
of scanning electrodes 20 which are required in the non-multiple matrix structure. In the specific «'^«;"P ^'^^ 
24 the pixel electrodes 1 0a and the signal interconnecting parts 1 0b are made of a transparent conductive film such as 
an ITO (Indium Tin Oxide) film or an opaque conductive film such as an A! (aluminum) film in an integral fashion Alter- 
natively the pixel electrodes 10a and the signal interconnecting parts 10b may be 

example, the pixel electrode 10a may be made of a transparent conductive film such as an ITO film and the signal inter- 
connecting parts 10b may be made of an opaque conductive film such as an Al film. 
[01321 Thus, in the present embodiment, the multiple-fold matrix structure is designed taking 
of each scanning electrode 20 and the total number of scanning electrodes 20 such that, as shown in ^'^Jl'^^ ^"^^^ 
circuit 100 is connected via the second interconnection lines 32 to the up-to-down conducting terminals 40 .n contact 
with the up-to-down conducting members 41 which are in turn connected to the ends 20a of the =^""7, t^^^^f^J^^^ 
20 thereby reducing the totel number of second interconnection lines 32 to a value about 1/n times the total number of 
second interconnection lines which are required in the non-multiple matrix structure. For example, '"i^e case where 
the image display region 3 includes 100 pixels in the Y direction and 100 pixels in the X direction, only 50 second inter- 
connection lines 32 are needed. . . ^ i„t«.r,-«nnor 
[0133] Thus, it becomes possible to reduce the totel area occupied, in the frame region 4. by the second nterconnec- 
tion lines 32 to a value about 1/n times the area which is required in the non-multiple matrix structure That is. although 
the driving circuit 100 is of the single-chip type, it is possible to effectively minimize the increase in the area occupied 
in the frame region 4. by the second interconnection lines 32. On the other hand, because each ^^^""'"g ^0 
has a width n tLes the size of one pixel as shown in Fig. 24. That is. the width of each scanning « f ^°de 20 ^ much 
greater than that of the signal electrodes 10. and thus the employment of the driving circuit 100 in the single-chip form 
4S does not result in requirement of high-precision microfabrication technology. ^ 

[01 341 Thus, as can be seen from the above discussion, it becomes possible to reduce the area of the frame reg on 
4 relat ve to the image display region 3 by employing the first interconnection lines 31 extending «'°"g '^f f ^ f 
and the reduced number of second interconnection lines 32. as shown in Fig. 22. Furthermore, it is P°«=*'e to reduce 
the total number of up-to-down conducting terminals 40 which occupy a particular area in ♦'^^JXTf iTld 2 
are required to be formed taking Into account the alignment error which can occur when the first substrate 1 and the 
second substrate 2 are bonded to each other, down to a value about 1/n times the number of terminals in accordance 
with the degree of multiplicity n. which makes it possible to miniaturize the frame region 4. 

[0135] Furthermore, it also becomes possible to minimize the resistence associated with the inter«x,nnections f orn 
the driving circuit 100 to the scanning electrodes 20 and the signal electrodes 10. by employing the first interconnexion 
lines 31 extending along rather short paths and the reduced number of second interconnection lines 32- Thus degra- 
dation of the image signal or degradation of the scanning signal due to the interconnection ^^^^^^^^^ 
Furthermore, it also becomes possible to display a high-quality image even when the driving circuit '^^^^^1^^'^^^°^ 
driving capability and/or a low breakdown voltege. The electric power consumed in the driving operation can also be 
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reduced. u • i 

[0136] Furthermore, the selection time period during one frame during which the image signal is supplied to the signal 
llectrJdes 10 from the driving circuit 100 can be increased by a factor of n wherein n.is the degree of ni"'t.p 'City TN.S 
the driving voltage may also be redgced by reducing the duty ratio. In this case. corJtrast and lum.nance of the mage 
diXil in the image display regio\^ 3 are also enhanced. Another important advantage is that the s.gnal electrodes 
?ot thVmultSe-fbId matrix LLe, the first interconnection lines 31 . the second interconnection lines 32. the dnvmg 
circuit 100 in the single-ship form may all be produced using the conventional microfabrication technology. 
?0137] In the present embodiment, as shown in Fig. 23. the scanning electrodes 20 extend. '"t^^^'^'^^' 
rom both sides'of the image display region 3 toward the inner area of the image display ^^^-on 3 Jh^ a^lo^^^^^^ 
tion in the number of up-to-down conducting members 41 disposed at one s.de of the '^f ^^^^f^f /^^^^ 
one-half the total number of scanning electrodes 20. Furthermore, as shown in Fig. 21 . °" ^"''^^^^^^ ' 

allowed to dispose a half of second interconnection lines 32 in an area of the frame region 4 at one s.de °f thejmage 
display region 3 and another half at the opposite side of the image display region 3. This allows J"*;^^^^^^ 
nection lines 32 to be equally distributed on both sides within the frame region 4. For example, n the case where the 
ir^age display region 3 includes 100 pixels in the Y direction and 100 pixels in the X direction. °"'y f .^f'^^^f If . 
n^Son lines 32 are needed on each side. That is. it is possible to equally reduce the areas of both sides of the frame 

Furt^ermo'?^ in the present embodiment, the image display region 3 is formed in a rectangular shape longer 
n the Y direction than in the X direction and the signal electrodes 10 and the scanning electrodes 20 are ^'sposed such 
that a Greater number of pixels are arranged in the Y direction than in the X direction. As can be seen from Fig. 22. Ihe 
S nlber anTtSriength of first interconnection lines 31 may be fixed regardless of the '-^^^ °^ j^J^ ^^f^^^^^^^^ 
region 3 In the Y direction. As for the total number of second interconnection lines 32. .t is ^^^^'/^^^XTro ^^^^^ 
second interconnection line 32 each time the number of pixels in the Y direction is increased by n (refer to Fig. 24). n 
thTcise it rreSuJed to increase the length of the second interconnection line 32 only by an amount corresponding to 
rh;i"o::aS^^^ image display region 3 In the Y direction (refer to Fig. 22V .Ij;^-^ ^ dir^rn L^^^^^^^^^ 

orovides oreater advantages in particular when the length of the image display region 3 in the Y direction becomes 
ToZr For -ampie. in the case where the image display region 3 includes 120 pixels in the Y 
in t^e X direction, only 30 second interconnections 32 are needed in total (15 second 

The liquid crystal display device longer in the Y direction is particulariy advantageous when used '^P J'^^^t'^^f^T^f^^ 
U is deslrabte that the screen be longer in the vertical direction depending on the external shape of a device^^as is the 
c^se wJth portable telephones. To obtain a screen which is longer in the vertical direction, it is generally required to per- 
form a^Jitfonafs gnal processing on image data such as aspect ratio conversion. However, in the present embodiment 
it is possible to drive a screen which is longer in the vertical direction and shorter in the scanning ^'^f °" 
in accordance with the conventional scanning method with a rather simple construction. This provides a great advan- 

" Sfsa; TnlSJ'^e^'emS^^ as shown in Fig. 21 . the driving circuit is mounted on t^e fi^t substrate u^^^^^^^^ 
example the COG (Chip On Glass) mounting technique. Alternatively, a molded driving circurt 100 in the molded form 
with lead terminals or packaged in a flat package may be mounted on the first substrate 1 . 

40 (Seventh Embodiment) 

[01401 Fig. 25 illustrates a seventh embodiment of the present invention. The seventh embodiment is sij^ij^ t^e sixth 
emboLent described above except that the driving circuit 100 is mounted in a different manner. The external appear- 
ance of a liquid crystal display device is shown in Fig. 25. . «c • ^ .4 4^r«,i«oie 

?0141] in the liquid crystal display device according to the seventh embodiment, as shown m Fig. 25 input termina^ 
b colnected toL fi J interconnection lines 31 and the second interconnection lines 32 are formed a, partc^aMo^- 
tions on the first substrate 1. A driving circuit in the form of a single chip (not shown) is connected to the input terminals 
b via a dedicated connector 101. The dedicated connector 101 is formed in a multilayer structure in which a large 
number of insulating layers 101a and a large number of conductive layers 101b are alternately d'sposed at inte|va s 
eq^al to Se terminal pitch of the input terminals 1b such that each conductive layer 101b is sandwiched between ^^^^^^^ 
lating layers 101a. The dedicated connector 101 has an L-like shape in cross section when rom the 'am nat^g 
directfon so that electric connections to an interconnection board disposed under and ^-Jsc^ ^^^^ «f 3 ^tav I 
are easily made via the dedicated connector 101 . The dedicated connector 101 may also be formed so to have a 
different Shape in cross section. For example, both end portions of the dedicated connector 101 may be bent m the 
55 same direction. 
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(Eighth Embodiment) 

[0142] Fig. 26 illustrates an eighth embodiment of the present invention. The eighth embodiment is similar the seventh 
embodiment described above except that the driving circuit 100 is mounted in a different manner The external appear- 
ance of a liquid crystal display device is shown in Fig. 26. 

[0143] In the liquid crystal display device according to this eighth embodiment, as shown in Fig. 26. Input terminals 
1c connected to the first interconnection lines 31 and the second interconnection lines 32 are formed at particular loca- 
tions on the first substrate 1 . A single-chip driving circuit 100' is mounted on a circuit board 200 such as a printed board 
connected to the input terminals 1c via an ACF (Anisotropic Conductive Film)102. 

[0144] Alternatively, the single-chip driving circuit may be mounted on a TAB (Tape Automated Bonding) substrate or 
an FPC (Flexible Printed Circuit) substrate, and may be connected in the form of a TCP (Tape Canrier Package) to the 
input terminals 1c on the* first substrate 1 . 

[0145] In the embodiments described above, a polarization film, a retardation film, a polarizer, and the like, are dis- 
posed in a particular direction on a substrate depending on the operating mode. The possible operating modes Include 
a TN (Twisted Nematic) mode, VA (vertically Aligned) mode, PDLC (Polymer Dispersed Liquid Crystal) mode, normally 
white mode, and normally black mode. A color filter or a black matrix may be disposed on the substrate as required 
depending on whether the device is operated in a monochrome mode or color mode. 

[0146] In the embodiments described above, the signal electrodes may be replaced with scanning electrodes formed 
in a multiple-fold matrix fashion and the scanning electrodes are replaced with signal electrodes formed in stripe 
shapes. In this case, a single-chip driving circuit is mounted on a substrate on which the scanning electrodes are 
formed. The driving methods described above In the first to third embodiments may be applied to the sixth to eighth 
embodiments so as to reduce the number of voltage levels thereby allowing the driver integrated circuit for performing 
multiple-fold matrix driving to have a smaller breakdown voltage. This also makes it possible to form the driver inte- 
grated circuit in a simpler fashion. Electro-optical devices constructed in the above-described manner have the advan- 
tage that a display panel required to be longer in the vertical direction as Is the case with a portable telephone can be 
realized without resulting a significant Increase in the number of scanning lines and thus it is easy to form the driver Inte- 
grated circuit into the form of a single chip 

[0147] In the signal electrodes 10 in the sixth to eighth embodiments, a two-terminal non-linear element such as a 
thin-film diode may be connected in series between a pixel electrode 10a and a signal interconnecting part 10b for each 
pixel thereby realizing an active matrix liquid crystal display device. This makes it possible to drive the respective pixel 
electrodes 10a by switching the two-terminal non-linear elements connected to the respective pixel electrodes 10a in 
an active matrix fashion according the driving method disclosed above in the first to third embodiments thereby achiev- 
ing, in particular, enhancement of contrast ratio. 

[0148] The techniques disclosed in the above-described embodiments may be applied to various types of electro-opti- 
cal devices such as an EL (Electro-luminescence) display device, a plasma display device, and the like, which are 
driven in a matrix fashion using scanning electrodes and signal electrodes. 

[0149] That is, the electro-optical device according to the present invention is not limited to those described above 
with reference to the embodiments. Various modifications may be made without departing from the sprit of the invention 
described above and without departing from the scope as defined in Claims. It should be understood that such a mod- 
ified electro-optical device will also be included in the present invention. 

\ 

Claims 

1. A method of driving an electro-optical device including a plurality of scanning electrodes and a plurality of signal 
electrodes, said plurality of scanning electrodes and said plurality of signal electrodes being arranged such that 
they cross each other, said plurality of scanning electrodes being organized into groups each consisting of a plural 
number of scanning electrodes which are selected at the same time, selection of scanning electrodes being per- 
formed group by group, wherein: 

the amplitude of a voltage applied to said scanning electrodes is equal to the amplitude of a voltage applied to 
said signal electrodes. 

2. A method of driving an electro-optical device, according to Claim 1, wherein scarintng voltages applied to said 
scanning electrodes include a non-selection voltage, a first selection voltage which is positive with respect to said 
non-selection voltage, and a second selection voltage which is negative with respect to said non-selection voltage, 
and maximum and minimum signal voltages applied to said signal electrodes are set to be equal to said first and 
second selection voltages. 



22 



7. 



8. 



EP 0 990 940 A1 

3 A method of driving an electro-optical device, according to any of Claims 1 to 3. wherein said electro-optical device 
i a Sd crystal display device using a liquid crystal having a characteristic satisfying the cond.t.on: roo^-mea^ 
square value of on-voltage applied to the liquid crystal)/(root-mean-square value bf ^'^-^^'t^g^PPj^;^ »° 1'^"^ 
J^stal) ^ (saturation voltage of the liquid crystal)/(threshold voltage of the liquid trystal),as a hqu.d crystal of sa.d 
liquid crystal display device. ^ 

4. A method of driving an electro-optical device, according to Claim 2. v^herein a power supply circuit generates said 
scanning voltages and said signal voltages, said power supply circuit comprising a voltage boosting circuit for gen- 
S«nTsaiS fir^t selection voUage by voltage boosting said non-selection voltage and ^tnt S's^^d 
age a first voltage dropping circuit for generating said signal voltage having a voltage level between said second 
IdecUon li°age and said non-selection voltage, and a second voltage dropping circuit for generating said signal 
voltage having a voltage level between said non-selection voltage and said second selection voltage. 

5. A method of driving an electro-optical device, according to any of Claims 1 to 4. wherein a scanning elertrode driv- 
ing circuit for applying selection voltages to said scanning electrodes and a signal electrode driving circuit for apply- 
ing signal voltages to said signal electrodes are integrated on a single-chip driving circuit IC. 

6 A method of driving an electro-optical device, according to any of Claims 1 to 4. wherein at least two of the scanning 
electrode driving circuit for applying selection voltages to said scanning electrodes, the signal electrode driving cir- 
cuit for apS signal voltages to said signal electrodes, and the power supply circuit for generating sa.d se.ecUon 
voltages and said signal voltages are integrated on a single-chip driving circuit IC. 

A method of driving an electro-optical device, according to any of Claims 1 to 6, wherein selection voltages used to 
select respective scanning electrodes are distributed within one frame penod. 

A method of driving an electro-optical device, according to any of Claims 1 to 6. wherein selection volteges used to 
select respective scanning electrodes are applied continuously during a predetermined period in one frame period. 

A method of driving an electro-optical device, according to any of Claims 1 to 8. wherein said plural ""'"^er °f ^^^^^^^ 
ning electrodes which are selected at the same time include a virtual scanning electrode, and the """^ber of actual 
scanning electrodes which is equal to said plural number minus the number of said virtual scanning electrodes are 
selected at the same time. 

10. A method of driving an electro-optical device, according to any of Claims 1 to 9. wherein said plural number of scan- 
as ning electrodes which are selected at the same time is four. 

1 1 . A method of driving an electro-optical device, according to any of Claims 1 to 9. wherein said plural number of scan- 
ning electrodes which are selected at the same time is seven. 

12 A method of driving an electro-oplicar device, according to any of Claims 1 to 11, wherein said scanning electrodes 
and said signal electrodes are arranged such that they cross each other in a multiple-fold matnx fashion. 

13. A method of driving an electroK,ptical device, according to Claim 12. wherein a °" ^^^f^^^^^^ ^^""'"^ 

electrodes are formed and a substrate on which said signal electrodes are formed are disposed such that they 
oppose each other, a single-chip driving circuit IC on which a scanning electrode driving circuit for app'y'ng selec- 
tion voltages to said scanning electrodes and a signal electrode driving circuit for applying signal vol ages to sa.d 
signal electrodes are integrated is mounted on one of said two substrates, and said one of two substrates is con- 
nected to the other substrate via an up-to-down conducting member. 

An electro-optical device including a plurality of scanning electrodes and a plurality of signal electrodes, said plu- 
rality of scanning electrodes and said plurality of signal electrodes being arranged such that they cross each other, 
said plurality of scanning electrodes being organized into groups each consisting of a plural number of scanning 
electrodes which are selected at the same time, selection of scanning electrodes being performed group by group, 
wherein: 

said electro-optical device includes a scanning electrode driving circuit for applying a scanning voltage to said 
scanning electrodes and also includes a signal electrode driving circuit for applying a signal voltage to said s.g- 
nal electrodes; and 
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the amplitude of a voltage applied to said scanning electrodes is equal to the amplitude of a voltage applied to 
said signal electrodes. 

15 An electro-optical device according to Claim 14. wherein scanning voltages appliell to said scanning electrodes 
fnclude a non^lection voltage, a fJst selection voltage v^hich is positive with respect to said non-selection voltage 
TnlTa second seLctbn voltage which is negative with respect to said non-selection voltage, and maximum ar^d 
miJilm sCarvotges applL to said signal electrodes are set to be equal to said first and second selection volt- 

ages. 

16 An electro-ODtical device according to any of Claims 14 to 15. wherein said electro-optical device is a liquid crystal 
^XIS using a nquid crysta' having a characteristic satisfying the -"^'"-J ^-^^^^^^^^^^^^ 

voltage applied to the liquid crystal)/(root-mean-square value of off-vo tage appi ed to the J"'^ ^^-^f ^J^J "^^^^ 
tion voltage of the liquid crystal)/(threshold voltage of the liquid crystal), as a liquid crystal of said liquid crystal dis 
play device. 

17 An electro-optical device according to Claim 15. wherein a power supply circuit generates said scanning voltages 
and ITs^n^vcJtages. said power supply circuit comprising a voltage boosting circuit for generating said first 
selectS voltage by voltage boosting said non-selection voltage and said second selection voltage a f-rst voltage . 
dr^pp ng cLiHor generating said signal voltage having a voltage level between -'^'^^.^"f ^^^^o^^^^^^^ 

said non-selection voltage, and a second voltage dropping circuit for generating said signal voltage having a volt 
age level between said non-selection voltage and said second selection voltage. 

18 An electro-optical device according to any of Claims 14 to 17, wherein at least two of the scanning electrode driving 
^^^uitt app yTng s^^^^^ voltages to said scanning electrodes, the signal electrode driving ^-uit for applying 
Signal Ss to said signal electrodes, and the power supply circuit for generating said selection voltages and 
said signal voltages are integrated on a single-chip driving circuit IC. 

19. An electro-optical device according to any of Claims 14 to 18. wherein said scanning electrodes and said signal 
electrodes are arranged such that they cross each other In a multiple-fold matnx fashion. 

20 An electro-optical device according to Claim 18 or 19. wherein a substrate on which said scanning electrodes are 
formed an^asSst^^^ on which said signal electrodes are formed are disposed such that they oppose each other 
rsTntJihip drlTng Xcuit IC on which'a scanning electrode driving circuit for applying selection -I Js^s to said 
IcSnning electrodes and a signal electrode driving circuit for applying signal voltages to said ^'gnal electrod^^^^^^ 
fntegSd is mounted on one of said two substrates, and said one of two substrates is connected to the other sub- 
strate via an up-to-down conducting member. 

21 A driving circuit for driving an electro-optical device including a plurality of scanning electrodes and a P'"ra«ty oj 
■ Signal e?ec odes, said plurality of scanning electrodes and said plurality of signal electrodes being arranged such 

S the;c OSS i;ch other. saUl plurality of scanning electrodes being organized into groups each consisting of a 
SlTn^mber of Scanning electrodes which are selected at the same time, selection of scanning electrodes being 
SlTgroup by Sip. wherein: said driving circuit includes a scanning electrode driving circuit for appl^^ng a 
sLZg voltage to said scanning electrodes and also includes a signal electrode driving circuit for applying a s.g- 
nal voltage to said signal electrodes; 

the amplitude of a voltage applied to said scanning electrodes is equal to the amplitude of a voltage applied to 
^"nniSSiSro'^e driving circuit and said signal electrode driving circuit are integrated on a single-chip 

IC, 

22. An electro-optical device comprising: 

I SrJX5^lSrer«SW..d m ,„ l^g. ,^ s.bs,».., e.oh s.,. sign., 

electrode means including a plurality of pixel electrode sections; «„h^trate said dIu- 

a plurality of scanning electrode means formed in said image display region on said second ^^''^^J^f j^^ 
ranty of scanning electrode means being arranged such that each of them crosses said P'"^^ "^^^^^f^f Jf" 
cenf p xel electrode sections located in a direction in which said plurality of signal electrode means are 
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disposed; 

a driving circuit In the form of a single chip for driving said plurality of signal electrode means and said plurality 
of scanning electrode means, said driving circuit being connected to a predetermined point located on either 
said first or second substrate in a frame region surrounding said image display region; 
5 a plurality of first interconnection lines formed on either said first or second substrate in said frame region, said 

plurality of first interconnection lines serving to connect said driving circuit to one end of each of said plurality 

of signal electrode means; ^ x • • ■ j i 

a plurality of up-to-down conducting means disposed between said first and second substrates in said frame 
region said plurality of up-to-down conducting means being connected respectively to the end portions of said 
10 plurality of scanning electrode means, said end portions being located in said frame region; and 

' a plurality of second interconnection lines formed on either said first or second substrate in said frame region, 
said plurality of second interconnection lines serving to connect said driving circuit to said plurality of up-to- 
down conducting means. 

75 23 An electro-optical device according to Claim 22. wherein said plurality of scanning electrode means extend, in an 
interdigital fashion, from both sides of said image display region toward the inner area of said image display region. 

24 An electro-optical device according to Claim 22 or 23. wherein said image display region is longer in a direction 
along said signal electrode means than In a direction along said scanning electrode means, and said signal elec- 
trode means and said scanning electrode means are formed such that the number of pixels formed in said image 
display region along said signal electrode means is greater than the number of pixels along said scanning electrode 
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means. 



25 An electro-optical device according to any of Claims 22 to 24, wherein said up-to-down conducting means includes 
25 an up-to-down conducting member disposed between said first and second substrates and an up-to-down conduct- 
ing terminal formed on either one of said first and second substrates, said up-to-down conducting terminal being in 
contact with said up-to-down conducting member and being connected to one end of the second interconnection 
line. 

30 26. An electro-optical device according to any of Claims 22 to 25. wherein each of said plurality of signal electrode 
means includes said pixel electrode sections, a signal interconnection line connected to said pixel electrode sec- 
tions, and two-terminal non-linear elements connected between the said respective pixel electrode sections and 
said signal electrode. 

35 27. An electro-optical device according to any of Claims 22 to 26. wherein said driving circuit is mounted on said first 
substrate. 

28 An electro-optical device according to any of Claims 22 to 27. wherein input terminals are formed at said predeter- 
mined location on either said first or second substrate such that said input terminals are connected to said first and 
40 second interconnection lines and said driving circuit are connected to said input terminals via predetermined con- 
\ nection means. 

. 29 An electro-optical device according to any of Claims 22 to 28. wherein said electro-optical device has a construction 
obtained by replacing said signal electrode means and said scanning electrode means. 30. An electronic device 
45 using, as a display device, an electro-optical device according to any of Claims 14 to 29. 
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